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TO: The Surgeon General 
U. S. Army 
Washington 25, D. C. 


1. The following Annual Historical Report for the calendar year 
1947 is submitted for your information. 


2. Introduction (Historical Background) 


The Armored Medical Research Leboratory was established at 
Fort Knox, Kentucky, on 1 September 19])2. 


The Laboratory was operated under the supervision and control 
of the Commanding General, Army Ground Forces, from 1 September 192 
until 3 February 194, at which time control and supervision was trans- 
ferred to the Office of The Surgeon General and the laboratory designated 
as 2 Class IV installation. 


Effective 1 April 1947, the Armored Medical Research Laboratory 
was redesignated as The Medical Department Field Research Laboratory 
by War Department General Order No. 32, dated 19 March 19,7. 


3. Function 


Under the gereral supervision of the Army Medical Research and 
Development Board of the Office of The Surgeon General, U. S. Army, to 
conduct research on various physiological and closely related aspects 
dealing with the inter-relationship between man and his equipment and 
supplies, disease, his environment end the military tasks assigned to 
him with the objective of constant improvement. 


he Organization 


The Medical Department Field Research Laboratory is now composed 
of six sections comprising Administration, Psychology, Physiology, Bio- 
chemistry, Biophysics, Engineering and Testing. 


Authorized strength is as follows: 


Military Authorized Assigned 
Officers - 2h 19 
Enlisted - rail 14 

Civilians - ou WT 

TOTAL * BO 


Grades and Ratings 


Enlisted Authorized Assigned 


Grade 1 - 
Grade 2 - 
Grade 3 - 
Grade = 
Gradd 5 = 
Grade 6 - 
Grade 7 - 


TOTAL 


Floooanuw 


Source of Personnel 


Military? 


Officer personnel was for the most part composed of ASTP 
medical officers with special training and experience in medical research 
fields. These officers were obtzined by screening the student classes 
at the Medical Field Training Center, Brooke Army Medical Center. 


This method has been most satisfactory because of the number 
of young men with excellent scientific backgrounds who heve obtained their 
M.D. degree under the Army Specialized Training Program. It was not at 
all unusual to find medical officers in this group who elso had their 
Ph.D. degree in Physiology. 


Enlisted personnel were for the most part obtained by requisi- 
tion. The caliber of enlisted laboratory technicians has fallen rapidly 
with the acceleration of the discharge program in the early part of the 
yeare . 


Civilian scientific personnel were carefully selected from 
Civilian teaching and research institutions with the view of obtaining 
a well balanced staff of investigators of known reputation and wide 
exverience in medical research fields. 


Civilian personnel in the sub-professional, clerical and 
custodial grades were obtained through local employment agencies. 


eo 


Se Physical Plant 


The physical plant consists of the following buildings: 


1 Permanent Building (Main Laboratory) 


12 Frame Buildings (Cantonment Type) . 
6 Two-story Barracks (1 Quarters, 3 Lab. Bldgs., 2 Supoly 
Bldgse) 
3 Mess Hall (1 Animal House, 1 Isotope Lab., 1 Storage) 
1 Recreation Hall (Conference Room) 
1 Conpany Supply (Machine Shop) 
1 Utility Building (Carpenter Shop) 
1 Motor Pool (Garage and Maintenance) 


The permanent laboratory building is of concrete bliock construc- 


* tion and is in an excellent state of repair. 


Inadequacy of laboratory and storage space has necessitated the 
utilization of nearby frare structures which are usable but in poor state 


of repair. These buildings will be renovated and converted into temporary 
laboratories. 


6e Accomplishments 


Considerable progress was made during the year in restaffing 
the laboratory with qualified civilian scientific personnel. 


Three qualified Reserve Officers were integrated into the Regular 
Army Medical Department. There was a gradual increase in number of per- 
sonnel authorized and assigned during the year. 


During the year, twelve projects were completed and reports sub- 
mitted. (See Appendix A.) (See Appendix B.) 


Six articles were published in scientific journals during the 
year. (See Appendix C.) 


& test detachment was established in the Arctic for the purpose 
of collecting data on the effects of extreme cold on the military man i 
the performance of his military taske 


Twenty-four projects are current at the end of the year. (See 
Appendix D.) 
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PROJECTS COMPLETED IN 19h7 


Silice Content of Dust from Tank Rangese Lt. Kruse, et:ale 


Efficiency of Signal Corps Operators in Extreme Cold. Blair, 
Gottschalk, Molnar. 


A Critique of Physical Fitness Tests. Park, Bean, et al. 


An Apparatus and Method for the Continuous Measurement of Evaporative 


Water Loss from Human Subjects. Palmese 


An Improved Mounting for Thermocouples for the Measurement of Surface 
Temperature of the Bodys Palmes and Park. 


A Method of Human Calorimetry. Palmes and Park. 


Thermal Regulation During Early Acclimatization to Work in a Hot, 
Dry Environmente Park and Palmes. 


Preliminary Observations on Physiological Nutritional and Psychologi- 
cal Problems in Bxtreme Cold, Ft. Churchill, Canada. Blair, J. Rey 
et ale . 


Application of the Infra-red Gas Analyser to the Study of Human 
Energy Metabolism. Spoor. 


Observations on the Relation of Height of Heel and Support in Arch 
of Shoes to Foot Physiology in Marching Troops. Magee, Davis, 
Milsteade 


Test of Plastic Bar Molds for Communication Equipment. Ste Johne 


Effect of the Cold Pressor Test on Glomerular Filtration and 
Effective Renal Plasma Flow. Talso, Crosley, Clark. 


COPIES OF COMPLETED PROJECT REPORTS 


SILICA CONTENT OF DUST FROM TANK RANGES 


by 


C. A. Kruse, Ist lt., MC, P, H, Carey, Tech 4 and D. J. Howe, Tech 3 


from 


Armored Medical Research Laboratory - 
Fort Knox, Kentucky, January 14, 1947 


1sub-pro ject under Studies of Physiological and Psychological Prob- 


‘lems of Military Personnel in Relation to Equipment, Environment and 
Military Tasks (4.M.R.L.-57). Approved by CG, ASF, 31 May 1946. 
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_ 4 January 1947 


ABSTRACT 
SILICA CONTENT OF DUST FROM TANK RANGES 


OBJECT 


Men engaged in tank operations are exposed to many potential hazards. 
Among these is the problem of dust. In a previous report the dust concen- 
tration to which armored personnel is exposed on maneuvers in the Fort Knox 
area was found to be quite high (187 to 700 million particles per cubic 
foot). The type of dust was not determined and, hence, the amount of free 
silica of a damaging character, especially those particles 10 to 3 microns 
or less in diameter, is not known. 


Dust was collected from surface soil on dry tank ranges and from within 
tanks on maneuvers in the Fort Knox area, The surface soil was analyzed 
for free and total silica, the air-borne dust for particle size distribu- 
tion and content of free silica. 


RESULTS 
The results to date are listed below: 


1. Surface soil samples from two tank ranges have a high concentra- 
tion of silica with an average of 74.3% total silica and 63.9% free silica. 


2. The tank dust averages 21.5% by weight of particles below an 
equivalent diameter of three (3) microns, of which 10% is free silica. 


3, These particles of free silica less than three (3) microns in 
diameter average 2.2% by weight of the total dust. 


CONCLUSIONS 


This content of silica of a damaging character in air-borne dust is 
regarded as high but the data do not permit conclusions as to whether inha- 
lation of silica particles of such concentration and particle size distri- 
bution constitutes a medical menace to operating armored personnel, 


RECOMMENDATIONS 
None, 

Submitted by: Approved Vat Of JAG? 
CoA. Kruse, ist-1t.,: MC. RAY @, ONGC i A 
P, H, Carey, Tech 4 Director of Research 


D. J. Howe, Tech 3 
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SILICA CONTENT OF DUST FROM TANK RANGES 


I. INTRODUCTION 


A, Object and Background. 


Men engaged in tank operations are exposed to many potential hazards, 
Among these is the problem of dust. In a previous report (1) from this 
laboratory it was established that, in the Fort Knox tank training areas 
which contain the highest concentration of dust, the count within and with- 
out tanks moving on a dry range at about ten miles per hour varied from 187 
to 700 million particles per cubic foot. 


This concentration is extrexely high, but the type of dust was not 
determined, Accordingly, the investigation was extended to include analyses 
of surface soil from tank ranges and the air-borne dust in tanks on maneuvers 
for (1) particle size distribution, and (2) content of free and total silica, 


II. EXPERIMENTAL 
A, Materials, Collection. 


1. Surface soil from dry tank ranges in recent use was collected 
at 150 to 200 yard intervals. . 


2. Air-borne soil was collected from the interior and, usually, in 
the front of tanks driven in the dust cloud of a preceding tank, Usually, 
an 8 to 9 gram sample was obtained. The dust laden air was drawn through a 
reduced pressure filter box* (filtering area about 300 square inches) con- 
sisting of two filter beds of salicylic acid crystals supported by two 120- 
mesh copper screens, The filter was activated by the exhaust blower of an 
M4A3 tank and mounted within a tank. Only particles less than about 150 
microns in diameter were trapped by this method. 


B. Procedures, Methods. 


The surface soil was analyzed for free and total silica, the air- 
borne dust for particle size distribution and the percentage of free silica 
in each particle size range and in the total sample. 


1. The alpha quartz (free silica) content of surface soil was 
determined spectrographically by the Bureau of Mines Laboratory, Pittsburgh, 
Pennsylvania, 


2. The alpha quartz of air-borne soil was determined as follows: 
First, the dust collected in the filter box was removed by dissolving the 


*Box design obtained from Committee of Industrial Hygiene, Mellon 
Institute, Pittsburgh, Pa. 


coke ° Jeg 


salicylic acid in anhydrous methanol and suction filtering the suspension 
through a No. 50 Whatman filter paper. The filtrate gave no evidence of 
sedimentation over a period of 72 hours, but did appear a reddish-brown in 
color, The filter cake and paper were oven-dried at 110° C. for 4 hours 
and the cake then removed from the paper and dried furtner for 20 hours, 
The filter cake was analyzed for free silica by the Bureau of Mines 
Laboratory, Pittsburgh, Pennsylvania. 


_ 3. The total silica content of surface soil was determined chemi- ~ 
cally by a standard method (2) with some modifications. The collected 
samples were air-dried in the laboratory for 24 hours. The sample was then 
ground in a mullite mortar and 1.5 to 2.0 grams were used for the analysis. 
The sample was placed in a 20 ml. platinum curcible and 10 grams of anhy- 
drous sodium carbonate (NajC03) was mixed with the sample. The mixture was 
fused over a Meker burner. after CO2 elimination had ceased, the crucible 
was cooled to room temperature and placed in a 600 ml. beaker. 120 ml. of 
1-1 hydrochloric acid was used to dissolve the melt. The solution was 
evaporated to dryness over a hot plate. To the residue was added freshly 
mixed acetic anhydrate (65 ml.), water (55 ml.). The suspension was heated 
on the hot plate until it foamed strongly; it was removed and cooled 
Slightly; then 1-1 HCl was added until the solution was canary yellow in 
color (5-15 ml.). The solution was warmed and 120 ml. of distilled water 
added, . The suspension was filtered on fine ashless paper and washed with 
cold water, After impurities were removed the paper and precipitate were 
ignited and heated to constant weight. To the silicon dioxide residue was 
added 4 ml, water, 5-6 drops of concentrated sulfuric acid, and then slowly 
6 ml. of 48% hydrofluoric acid. The solution was evaporated to dryness on 
a hot plate and the crucible heated to constant weight. The loss in weight 
was silicon dioxide, 


4. Particle size distribution in air-borne dust samples on a 
weight basis was determined by the pipette sedimentation separation method 
(3). The oven-dried sample of air-borne dust (14 to 2% of the fluid by 
weight) was dispersed in a solution containing 40 ce. sodium metasilicate 
stock solution (10 gm. per liter of water) and approximately 400 cc. dis- 
-tilled water. The dispersion was carried out in a Waring mixer for a 
period of 20 minutes. The dispersion was then cooled under tap water to 
room temperature and distilled water added to make a volume of 500 cc. This 
suspension was then added to a pipette apparatus which consisted of a cham- 
ber (1000 ml. hex base graduate cut off 28 cm. from the base), three sta- 
tionary calibrated pipette tubes 0.15 cm. I.D., whose depths from the 
starting level of the liquid are 4 cm., 10 cm., and 19 cm., and joined by a 
suitable stopcock to a calibrated pipette of 30 ml. volume. The apparatus 
was inverted several times and then clamped is: a water bath, At suitable 
time intervals samples were removed by means of the pipettes and discharged 
into weighed porcelain crucibles, These samples were evaporated on a hot 
plate to dryness and then heated in an oven at 140° C. for 2 hours before 
re-weighing. 


-*3 - 


a, The maximum size of the particles remaining in suspension 
at the time each sample was withdrawn was calculated from the following 
equation derived from Stokes' Law: 


d a oe where 
ps - p) (t) 


ad = diameter particle--micron 

u = fluid viscosity--cps (0.8983) 
h ® height of fall—-cm (19.09) 
ps = density of solid--gm/cc (2.651) 
p ® density of fluid--gm/ce (0.9952) 
t = time of fall—minutes (1.5) 


For example, when the test is conducted with the values 
indicated above, 


. (307) (0.8983) (19.09) . 
d = (5-651 - 0.9952) (1.5) seme 


b. The concentration of the particles remaining in suspension 
at the time each sample was withdrawn was computed: 


Ge » (100) (Vc) (w where 
Vp) (WwW 


Ge = percentage of particles under 
d-microns remaining in suspension 


Ve = starting volume of suspension--cce (587.5) 
Vp = volume of sample withdrawn--ce (11.56) 
w ® weight of solids in Vp (corrected 
for dispersing agent )-~gm a 
Ww = dry weight of aces in Ve--gm 7.1095) 


Again, when computation is made using the data inserted 


(100 S7. 0.141 = 
Ge = “(1.56) (7.1095) s eras 


A plot of cumulative percentage under size d-micron versus 
diameter allows interpolation of the amount below any particle size. 


above, 


5. The per cent of free silica of the various samples withdrawn for 
determination of particle size and weight distribution was determined at the 
ees of Mines, Pittsburgh, Pa. (and corrected locally for the dispersing 
agent). 


C. Results. 

Table I shows the concentrations of total and free silica in the 
surface soil of two tank ranges. The soil averages 74.3% total silicon 
dioxide and 63.9% free silica, or the free silica averages approximately 
86% of the total silica. 


i 


sea 
Cree sae of Total and Free Silica 
ett Surface Soil | of Fort Knox, Kentucky 


Sample Date Total Silica--Per Cent Free Si09--Per Cent — 


‘Number Obtained Air Dry Mineral 
. Basis 
L May 1946 © Ae -— 58 
§ s 70.0 — 56 
6 " ehaay i ay -~ 53 
7 " 68.0 -- 62 
8 n Fiw2 oo | 61 
9 2 fe -- 63 
10 . 73 4 hs 66 
ae is ae 71.8 _~ 58 
ie June 1946 7h. 80.0 67 
13 3 Tis 82.1 69 
14 e 78.8 84.0 72 : 
i 55 m 11.0 82.0 70 
a 16 " 78.4 82.7 65 
a aj x 78.0 $2.70— 66 


In Fig. 1 are plotted the data for air-borne soil particle size 
and distribution according to weight as. calculated under methods. The 
Soe distribution for the two tank ranges is almost identical and the graph 
See indicates that the dust contains approximately 22% by weight of particles 
below an equivalent diameter of three (3) microns, and 33% by weight of 
particles less than 10 microns. 


FIGH 
2 } AIRBORNE SOIL PARTICLE SIZE ANALYSIS 
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uf 2 represents the percentage of alpha quartz in each part os 
range of air-borne dust. This graph was constructed by plotting the 


es percentage of free silica of the various samples in Methods 5 against the | i 


equivalent diameter of each size fraction as obtained in Methods 4a. It is 


apparent that particle sizes three microns or less in diameter contain 10% — 


of alpha quartz by weight, despite the fact that as particle size. decreases © 


the percentage of alpha quartz also decreases. 


FIG; 2 


ALPHA QUARTZ CONTENT OF AIRBORNE SOIL “a 
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oe ote . 3 shows the ust - 
_ that is alpha quartz. The points were obtained by coupling the values in 

Fig. 2 with the weight percentages (Gc) from the particle size distribution 
curve (Fig. 1). The graph indicates that air-borne dust contains an 
average of 2.2% alpha quartz by weight of particles less than three (3) 
microns in diameter, and 11% of particles less than ten (10) microns in 
diameter. : 
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te extrenely nt of free rte particularly of the clinically dangerous aie 
composed of smali particles with equivalent diameters below ten (10) to 
_ three (3) microns, 


The variation of quartz content with particle size is of particular | 
interest. Although the quartz particles less than three (3) microns diameter _ 
constitute only 2.2% of the total particles by weight, this small percentage 
represents a tremendous number of particles in a small mass of material. For 
_ example, if we assume perfect spherical shape for particles, 1,000,000 
quartz particles of three (3) micron diameter would weigh only 0. 000013 gm., 
and the same number of ten (10) micron particles would weigh 0.0014 gm., so- 
that for the same gross weight the three (3) micron particles would be 
100,000,000 in number. Thus, the data in Fig. 3 indicate that there are Sten 
about 25 times as many particles three (3) microns or less in diameter as 
compared to those ten (10) microns or less in size. 


These observations raise the question whether such dust is a medical 
hazard, According to Lanza (3), where a highly silicious dust is involved _ 
(approximately 80% free silica), a total concentration of 5,000,000 particles 
per cubic foot of air is dangerous. Although the percentage of free silica 
= found in the air within tanks is somewhat lower (64%), the total particle A 
——s eoncentration of 187-700 million particles per cubic foot, with a relatively 
tie large complement less than three (3) microns in diameter, suggests the possi- 
bility of ultimate silicotic pathology. However, it is not to be inferred 
that such exposure among armored personnel will lead to silicosis unless 
ise there is demonstrated an associated adequate duration and constancy of 
a exposure. 


In this connection, mention may also be made of the fact that at Fort 

= Knox the morbidity rate for respiratory infections is apparently much greater 
ae than at Camp Atterbury (5). For example, for the weeks ending August 24 and 
September 17, 1945, comparisons of the case rates per 1000 men at the two 
installations were 129 versus 44, and 119 versus 25. Both installations have 
essentially the same geological, climatic conditions and had, at the time, ome 
approximately the same mean strength of men, but differ in that Fort Knox is 
a tank training center while Atterbury is an infantry center. If it can be ee 
established that the much greater incidence of respiratory infections at Fort — 
Knox is largely restricted to tank personnel participating in maneuvers, 

then the dust exposure considered here must be regarded as a possible con- aie 
tributing factor to the greater morbidity rate. However, until such time as Be 
additional data are available, this must be considered as mere speculation. = 


CONCLUSIONS . 


IV. 


. In the Fort Knox tank training areas analyses have been made of surface 
_ soil and air-borne dust in tanks on maneuvers, The results are: (1) Sur- 
- face pe sae from two distant tank ranges have a high concentration of 


(3) of the particles of air-borne dust less than 
(4) These adeogecs oe 


dust, especially in the dangerous sizes less than ten (10) microns or three 
(3) ainvens in diameter, constitutes a medical hazard to operat ing armored — 
personnel, 


V. RECOMMENDATIONS 

None. 
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‘EFFICIENCY OF SIGNAL CORPS OPERATORS 
IN EXTREME corp? 


by 


Dr. EB. A. Blair, Chief Physiologist, and Carl W. Gottschalk, 


lst Ltey MC, 
from 


Armored Medical Research Laboratory 
Fort Knox, Kentucky, January 22, 1947 
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ABSTRACT 
“EFFICIENCY OF SIGNAL CORPS OPERATORS IN EXTREME COLD 


: OBJECT : 


. At the request of the Signal Corps, experiments were designed to test 

_ the effect of wearing issue arctic clothing and of exposure to extreme cold 

- while wearing arctic clothing on the efficiency of Signal Corps men operating 
representative Signal Corps equipment. 


PROCEDURE: 


» 


Four Signal Corps operators were detailed to the AMRL and their performance 
tested on the following equipment: 


Radar Trainer BC-968-A - Error in tracking integrated over a three= 
minute period. 


Radio SCR-69-C-Time required to change frequency on resume voice 
transmission. 


Switchboard BD-72 - Time required for the manual operations in com 
pleting a call through the switchboard. 


After a three week period of training, a routine was established in which 
each subject operated each of the three sets of equipment for fifteen-minute 
periods during each hour of testing. During the mornings normal values were 
obtained at 23°C with fatigue uniform and then with the same conditions except 
that a mitten assembly was worn. In the afternoons the subjects wore complete 

arctic clothing including the mitten assembly and worked for three hours at _ 
ambient temperatures that were lowered from -25°C to -1;1°C on successive days. 


RESULTS AND CONCLUSIONS: 


(1) Radar tains BC-968-A and switchboard BD-72, without modification 
can be operated while wearing mittens, arctic, with two wool inserts and,over - 
whites, outside. It is necessary to first remove the protective grill of Radio 

: SCR-694-C before it can be operated with mittens. 


(2) The radar trainer can be operated as efficiently with mittens as bare- | 
handed. Radio and switchboard operators are less efficient when wearing mittens 2 
although considerable improvement was gained by training with mittens at com- 
fortable temperatures. 


he _ (3) Efficiency with each instrument is still lower when arctic clothing 
is worn and men are exposed to low temperatures in the cold room. The immediate 

loss of efficiency is at least partly due to the cumbersome arctic clothing, 
a. there are ee other unidentified factors. 


P chestes < arctic clothing as now issued ind aligned to cates become un- 
comfortably cold after one and one-half hours and after two and one-half hours 
may have dangerously cold hands and feet. Usually, by taking as much exercise 
as their duties would permit, oe were able to withstand an exposure of three — 
_ hours without injury. _ 

(7) Arctic clothing as now designed affords least adequate protection rete 
hands and feet of Signal Corps men while ADA ARE their equipment at ney 
cold ambient temperatures. 


RECOMMENDATIONS : 


(1) That Signal Corps operators be taught to work wearing mittens whenever — 
practicable. 


(2) That Signal Corps equipment be winterized so as to permit: 


(a) Operation while wearing esas (e.g., the protective grill of 


- yadio SOR-69h-C should be removed or modified). 


(b) og eee freedom of the operators so that they can exerci se 


during operations (e.g., lengthen head~phone extension cords for radio and. 
_switchboards). 

(5) Hat consideration te. given to the uGhiet cation ot setal control handl 
in order to reduce operator discomfort during Cae oioas cold-weather operstions 


(4) That the problem of more adequate protection of the hands and feet 
from .extreme cold be actively investigated. 


‘Submitted by? 
E.A. Blair, Chief Physiologist. 
C.W. Gottschalk, list Lt., uC 


‘Lt npn MCG 
| Commanding 


| Il. - EXPERIMENTAL ¢ 


A. Materials. and Ractoasiit. 


(1) Signal Corps Equipment. The following equipment was selected, 
winterized and sent to the AMRL by the Signal Corps Engineering 
Laboratories, Fort Monmouth, New Jersey, as representative 
types of Signal Corps equipment. 


(a) Radar Trainer BC-968-A. An instrument designed to train 
future radar operators. As in actual radar tracking, 
the operator observes two pulses on the screen of an 
oscilloscope. Course cams supplied with the machine 
maneuver the pulses in a pattern similar to radar track- 
ing under service conditions. Difference in height of 
pulses indicates an off-target position and this can be © 
corrected by properly rotating a hand wheel attached to | 
the trainer. Off-target deviations are recorded in the 

aa Ce form of an ink line on a strip chart in which deviation 

Se : of the recorded line from the center of the chart is proy 


(Figure k.) A counter serves as an integrator and reco: 
a numerical score which corresponds to the total tracki 
error. The machine is adjusted so that each tracking 
lasts three minutes. The most difficult course cam, 
number 6, was used. The machine was set for azimuth 
operations only and attachments for interference, noise | 
and fading were not used. The trainer was calibrated 
at the beginning and end of each morning and afternoon ~ 
experiment. For details, see Appendix I, paragraph A. 


(b) Radio Set SCR-69h:26, a portable receiver—transmitter. 
Microphone T-17 was used. Electrical power was furn- _ 
ished by Vibrator Power Supply P&=-237 connected to a 
12 volt storage battery kept outside of the cold room. 
An electrical time clock was used to measure the time 
required for the operator to change to a new frequency 
and notify the observer by voice transmission on that - a 
new frequency that he had completed the prescribed opera- 

tions including manipulating dials and switches sixteen 

times and zero beating three times. In order to operate _ 
the radio while wearing mittens it was found necessary ; 
to first remove the protective grill. For details of 

radio operations, see Appendix I, paragraph B. 


server Gould pee any of the twelve lines of 

operator's switchboard. Lines from the two halves o 
switchboard were paired at random by means of six c 

The operator was required to complete the call throug 

his switchboard by connecting the signaled line with 

other line designated by the same color. This method 

signaling the operator was devised in order to leave 

the undesirable complication of voice instruction, a6 

"Dexter, three *. The interval required for the manual 

operations eutat ied in completing the call through the — 

switchboard was timed by an electric time clock in a 7 
_ thyratron activated relay circuit (see ——— I, _ 

graph C). 


(2) Special Equipment. 


(a) Standard Electric Time Clock, Model S1, manufactured by 
Standard Electric Time Company, Springfield, Massachusett 
Accurate to within 0.01 seconds. 


(>) Thyratron activated relay circuit for time clock contro 
See Appendix I, paragraph C, for wiring diagram. ane 


(c) Potentiometer, galvanometer and constantan-copper thermo- 
couples. 


- 


(a) Cold room, 12,000 cubic feet capacity, cooled by a two~ 
stage ammonia compressor. ie 


Clothing. 

Three different combinations of issue clothing were worn. | 

(2) Herringbone-twill fatigue clothing. | 

(2) Fatigues plus a mitten assembly consisting of mittens, ie 
arctic, with insert, mittens, wool insert, trigger finger 
and mittens, overwhite. Nylon inserts were not worn. 

(3) Full arctic clothing including the mitten scehie | 
See Appendix II, for detailed list of arctic clothing. 
Clothing outfits an were worn while obtaining con- 

trols at comfortable laboratory temperatures and outfit 3 was 


worn sures. all cold room work. 


SUBJECTS: 


ie Four healthy young 1 men, all 19 years of age, were selected by the Signal 


tories, Fort Peleg New Jersey, as ee 51 
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ee AVERAGE LEARNING CURVES 
3 . FOUR SUBJECTS. 


FATIGUE UNIFORM, AMBIENT TEMPERATURE 23°C — 
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RADAR TRAINER | RADIO | SWITCHBOARD 


RADAR TRACKING : TIME TO CHANGE TIME. TO COMPLETE 
ERROR RADIO FREQUENCY GALL THRU SWITCHBOARD 


INTEGRATED ERROR SECONDS SECONDS 
180 5 


O 5 fe) 15 G2 ie. See) ee 
DAYS OF TRAINING » OBYS OF TRAINING = 
BARE HANDED as 


—————— WEARING MITTENS 


orps training is enumerated in Appendix III. AMRL 


C. PROCEDURE: 
Rr __ The subjects gained proficiency in the operation of the equipment 

during the first three weeks. During the fourth week the data presented in | 
Table I was obtained. During this last week a routine was established in which 
each subject operated each of the three sets of equipment during each hour of 
testing. This procedure enabled each man to complete each hour about thirty 
calls through the switchboard, to change frequency on the radio ten to fifteen 
times and to make three or four tracking runs with the radar trainer. 


Each day included five hours of testing. The first two hours the 
men wore fatigues and during one of the hours operated the equipment bare- 
handed and during the other hour operated the equipment while wearing the 
mitten assembly. The data obtained during these two hours, at the sant hank 
temperature of 23°C, were used as controls. 


The third, fourth and fifth hours, in the afternoon, were spent in 
the cold room. The subjects wore complete arctic clothing including the mitten 
assembly (See Appendix . II). Cold room temperature was lowered on successive 
days from -25°C to -\1°C with a mean deviation of no more than $ 2°C on any day o 
Wind velocity ranged between 3-5 miles/hour. 


As a safeguard against the possibility of frost bite during cold room 
work, skin temperatures of the right thumb and left great toe of some of the 
- gubjects were checked by means of igi 5 oats sealaha 


D. RESULTS: 


Although the four test subjects had attended various Signal Corps | 
schools, it was soon apparent that additional practice would greatly improve 
their performance. This is illustrated for radar trainer BC-968-A in Figure 1. 
As shown, improvement at first was rapid, but after the tenth day showed little 
change. It will be noted that the mitten assembly produced no change in per- © 
formance even when first worn. 


Figure 1 also illustrates the improvement in radio operation that 
came with continued practice, and here too, there was but little improvement 
after the tenth day. When mittens were first worn they constituted a marked 
handicap which was quickly reduced by further practice with mittens at labora= 
tory temperatures. 


| Switchboard performance showed less improvement with practice (Figure 1) | 
than did radar trainer and radio operation. Mittens, however, resulted in a 
considerable increase in time required to complete each call. Performance while 
wearing mittens continually improved with practice. 


In Table 1 are tabulated the average scores made on each machine 
during the last five days of the experiment. These scores show that at com= 
| fortable laboratory temperatures the integrated error on the radar trainer was 

the same whether the operator worked barehanded or with mittens. Whenever the 
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trainer was operated in the cold room the error was always significantly greater. 2 


TEST SCORES 
SIGNAL CORPS EQUIPMENT 


COLD ROOM EXPOSURE 
TEMPERATURE -25° TO -1°C 
FULL ARCTIC CLOTHING 


CONTROIS 
TEMPERATURE 23°C 
FATIGUE UNIFORM 
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A table of the average scores made on Signal Corps 
equipment by each of the four subjects during the final 
five days of the experiment. Controls were run in the 
mornings and cold room scores were made during a three- 
hour exposure each afternoon. 


ean: 


PPOrTERI? the tine ‘required f 
ie cacareed when the subjects entered 
vonepet constant throughout the exposure period. — 


ee peltokboava eaeaeion time was also significantly increased by mit . 
| further increased by cold room exposure. As with the radio, ewitohboard 
en negligibly throughout the three hours of cold room exposure. Prats 


- + No constant change in radio and switchboard scores occurred when the 

ambient temperature was lowered on successive days. (Figure 3). The integrate 
error on the radar trainer, however, was generally higher at lower ambient tem- 
perature. This trend was apparent even during the first hour of cold room exe 
posure. | 


Subjective reactions of the operators during their daily threat = ; 
cold room exposure periods were rather constant from day to day. The first hour _ 
of exposure the subjects were comfortable but from the early part of the secon 

hour complained of cold hands and feet and throughout the third hour these parts 
were uncomfortably cold. Thumb and toe skin temperatures as low as 1°, 1.5% and 
3°C were registered. On two occasions, subjects' hands and feet became so pain- Fe 
fully cold that they were ordered out of the cold room at the end of two and ceed ae 
half hours. Shivering was never observed. After the first hour, operation of. 
the radar trainer always chilled the operator's thumb that was grasping the metal 
handle of the control wheel and at times this thumb became so painfully cold and 
stiff that it prevented effective operation of the trainer. The subjects dis- | 
covered that muscular activity helped them stay warm and throughout the last 
hour and one-half of cold room exposure voluntarily exercised whenever their 
duties would permit. 


Itt. DISCUSSION: 


From the above scores it is apparent that mittens interfered with pare =: : 
of Signal Corps equipment (except the radar trainer) and that full arctic clothing 
interfered even more. In order to best compare the effect of mittens, arctic 
clothing and cold room exposure on the operation of the three different pieces 
of equipment, it was found convenient to first convert the absolute scores into — 
"Per Cent Efficiency of Normal Performance". This was done according to the 
following formula:. 


2g Average Efficiency _ = Average score standard conditions x 100 
= Per Cent of Normal Average score wearing mittens, etc. 


Thus, the ‘nubdects, when wearing fatigues and mittens at comfortable laboratory 
temperatures, operated the radar trainer at 100% efficiency, the radio at 65% 
efficiency and the switchboard at 69% efficiency. These are average efficiencies | 
for the last five days of the experiment only, agthe radio and switchboard effi- 
ciencies were much less when mittens were first worn. (See Figure 2 for a rep- bg 
resentative day). Training with mittens on these two latter machines at comfor= 
table laboratory temperatures produced marked improvement in performance in 2 3 
few days and improverent with the switchboard was continuing even at the end of the 
experiment. At no point did wearing mittens reduce efficiency of radar trainer a 
operations. ve ss Training schedules for such equipment as the radio and 


AVERAGE EFFICIENGY 
PERCENT OF NORMAL 


100 exe) 


FATIGUES 
FATIGUES 
FATIGUES 


FATIGUES & MITTENS 


ARCTIC CLOTHING 
NITTENS 


ARCTIC 
CLOTHING 

ARCTIC 
IELO THING 


eo ‘@) O+ 
os RADAR TRAINER RADIO SWITCHBOARD. 


. Average efficiency, per cent of normal, of the four sok ihaee 
eae on a representative day while working in fatigues at 23°C with and 
ae without mittens and for the first hour of work at -15°C while wear- 
eect _ ing full arctic clothing (no subjective feelings of coldness) . 


switchbeard should include periods of operation at mild temperatures while wearing 
mittens . ° 


As the operators had no subjective feelings of coldness during the first ica 
of their cold room exposure, the decrease in efficiency this hour is believed to 
‘principally reflect the cumbersomeness of arctic clothing. (See Figure 2). During 
the second and third hours the operators always complained of cold hands and feet, © 
a complaints substantiated by skin temperature measurement, and results for these 
two hours include any effect of cold in addition to the necessity for wearing 
bulky clothing. 3 
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. During the first hour of cold room exposure, the radio was operated at an 
average of 51% efficiency and the switchboard at an average of 57% efficiency. 

_ Efficiency with these two machines did not vary significantly during the second 
and third hour of any exposure period nor with the lowering of ambient temperatures 

on successive days. (See Figure 3). The reason that cold extremities did not 
lower efficiency is thought to be that the mittens were so cumbersome that they 
_ completely masked tactile sensation and prevented fine finger motions, permitting 
cod —s between the thumb and eer Thus little change in usnbaagortaed 


ON EFFICIENCY 


RADIO SWITCHBOARD 


- PERCENT PERCENT PERCENT 
EFFICIENCY EFFICIENCY EFFICIENCY 


100 100 


Se ee les 


3HRS. O 


3HRS.O ZHRS. 


ie . HOURS OF EXPOSURE 3 
e AVERAGE EFFICIENCY IN COLD (-25°C.,19 NOV. 46) E. 
eo Rie ts ark sow AVERAGE EFFICIENCY IN EXTREME COLD (-39°C., 22 NOV. 46) 


3 Average efficiency of four subjects on two representative 

i days illustrating that radio and switchboard performances were 

ae identical in cold and very cold environments, while radar trainer 
E: efficiency was lower at lower ambient temperatures. As on these 
2 two days, radio and switchboard performance varied negligibly 

: throughout the three hours of any exposure period. Hadar trainer 
i efficiency was usually lowest the second hour. | 
masked. Extreme chilling of the hands, as occasionally happened when ‘operating a 
the radar trainer, prevented effectual grasping of objects. i ae 


Seats Radar trainer performance differed from that with the radio and, gwitchboard, _ 
i as efficiency the first hour of cold room exposure on successive days ‘decreased 
es from 81% to 60% with a drop in ambient temperature from -25° to -41°C, On any 
Be particular day efficiency was usually lowest the second hour. (See Figure 3). 
Although other factors were probably involved, such as the increase from one to. 
two pounds in maximum handwhee] tension and a slowing of response by the commu~ 
eg tator variable contact which was not reflected in calibration values, part of 
this decrease in efficiency was due to the marked chilling of the operator's 
+ thumb by the metal ce@ntrol wheel handle. Thumb chilling was most painful the 
--—s« second hour of exposure and at times resulted in the operator temporarily losing. 
-- -gontrol of the hand wheel. (See Figure ). It was generally a. tite second 
hour that radar trainer efficiency was lowest. 
Electrical heating or an insulating covering of any metal aoitrot Handle 
requiring prolonged contact at cold temperatures seems desirable in order to 
maintain the ee s hands at a safe temperature . 


FECT OF THUMB GHILLING ON 
RADAR TRAINER OPERATION 


AMBIENT TEMPERATURE =23°C. 
INTEGRATED ERROR = 81 


ss AMBIENT TEMPERATURE = -25°C 
INTEGRATED ERROR =251 


pore Bice. ah 


g A reproduction of the strip charts from two tracking runs ee, a 
2 by subject LJL on 19 November 1946. (Deviation from center is ee 
E : proportional to the tracking error). The top graph is from a 


control run with the subject dressed in fatigues and working 

at an ambient temperature of 23°C. Integrated error - 81. The 13 
bottom graph represents the subject's third tracking run during fis 
the second hour of exposure to an ambient temperature of —25°C, ee 
Integrated error = 251. Previous contact with the cold metal - 
[ control wheel had left the operator's thumb so stiff that he 

could no longer effectually grasp the control wheel and a large 
tracking error resulted. 


e: (2) The radar trainer can be operated as efficiently with mittens as 
bare handed. Radio and switchboard operators are less efficient when wearing 
_ mittens although considerable improvement was gained: by training with mittens 
at comfortable temperatures. 


3 (3) Efficiency is still lower when arctic clothing is worn and menare 
exposed to low temperatures in the cold room. “The immediate loss of effi- 
ciency is at least partly due to the cumbersome arctic clothing, but there 
are probably other unidentified factors. 


(4) Efficiency with the radio and switchboard showed only negligible 
change during any three-hour exposure period. When, on successive days, am— 
bient temperature was lowered from -25°C to -l1°C no associated change in effi- 
seoicead could be demonstrated. 5 


(5) Efficiency with the redar trainer was generally lowest during the 
second hour of exposure. Performance on different days was poorer with lower 
ambient temperature. Part of the effect of cold on efficiency is related to. 
the discomfort produced, even through mittens, by contact with the cold metal 
control handle. 


(6) With ambient temperatures of -l0°C and a wind felocity of 3-5 mph, 
men protected by arctic clothing as now issued and allowed to exercise become _ 
uncomfortably cold after one and one-half hours and after two and one-half 
hours may have dangerously cold hands and feet. Usually, by taking as much 
exercise as their duties would permit, they were able to a an exposure 
of three hours without injury. 


(7) Arctic clothing as now designed affords least adequate protection for is 
hands and feet of Signal Corps men while operating their siamese at extremely 
cold ambient vemperatures . 

V. RECOMMENDATIONS : H 


e (1) That Signal Corps operators be taught to work wearing mittens whenever 
ee practicable. mee 


(2) That Signal Corps equipment be winterized so as to vermit: 


(a) Operation while wearing mittens (e.g., the protective grill of 
radio oe should be removed or modified}, 


PSS AERO Teta eee 


(ob) Considerable freedom of the operators 1 so that they can exercise 


sag ot (@og8o5 lengthen headphone extension cords for radio and switch=- ae 
oards) « 


Ae Ba the problem of more adequate protection of the hands and feet 
om extreme cold be actively investigated. 


} ee the Aeaetanias and end of oes acreing 4 afternoon alee les r 
trainer was calibrated by removing the course cam and fixing the cam followe 
e frame with a cap screw, so that movement of the commutator variable con 
was controlled entirely by the hand wheel. The “zero position" of the hand wh 
was then determined. The "zero position” was that position of the control wh 
at which no error was registered during the course of a three-minute run, ind 
ing that the variable contact was in exactly the midline of the commutator cylir 
At this point the pulses on the cathode ray screen were balanced. The variable | 
contact was then moved by one revolution of the handwheel to the right and then 
to the left of the commutator midline and the score of a three-minute run in ea 
- position was recorded. The "zero postion” and one-revolution deviations were _ 
_ always approached from a clockwise direction in order to keep inaccuracies Se ss 
to play at a minimun. 


iekoigh the "zero position” of the hand wheel varied considerably at 
each calibration (due to a sector gear in the hand drive unit), the sum of the 6 
integrated error produced by the two one-revolution deflections was remarkedly | 
constant and averaged 1596 with an average deviation of only + 19. 


B. Radio Frequency Change Protocol. 


In order for a series of frequency change times to contain comparable 

scores, each frequency change was one of 200 KC. By an appropriate motion of 
his hand the observer signaled to the operator whether the change would be an 
increase or decrease of 200 KC from the previous setting. The subject then — 
performed the following operations on his receiver-transmitter (all switches nagar 
and dials were returned to their original position following each frequency — : 
change except the frequency control): 


Receiver? ¢ 


PHONE-CW-NET-CAL Switch, PHONE to CAL 
BS SENSITIVITY Switch, LOW to HIGH , 
Sis “Volume Control, LOW to HIGH 

roe Tune 200 KC up or down as directed and 
2 Zero Beat receiver to calibration 
Rise PHONE=<CW=NET-CAL Switch, CAL to NET 


e 


Transmitters 


SEND=STANDBY-OFF Switch, STANDBY TO SEND 
Turn CRYSTAL Switch from Crystal A to MO 
POWER Switch, LOW to HIGH. 
Frequency Control Switch to new calibration 
_ Zero Beat by tuning transmitter to receiver by ear 
Adjust Indicator to maximum glow by aligning the two dots 
_— CW=MCW-PHONE Switch, MCW to CW 
a Microphone Button and 
ing _. to maxinmam light 
Zero Be 


T to PHONE | 


_ ‘Transmitters 
Depress Microphone 
Switch and send 
"Stop Clock" 


C. Wiring diagram for Thyratron Relay Circuit. 


CONTROLLED Ee ROL 
StRGUIT CIRCUITS 


CAPACITORS 
2MFD\ 


\ 


\ 


: é 


RESET =f" 
SWITCH : . 
a) Os 
+90V- +45V- HOV AC 


‘The following is a list of the arctic clothing worn during 
d room. All items are standard Army Issue. — 


Undershirt, wool 0.D. (turtle neck) 

Drawers, wool, 0.D., long 

Shirt, flannel, 0.D., coat style 

Trousers, field, wool, serge 18 oz. special 
Sweater, high neck 

Muffler, wool, O.D. 

Trousers, field, cotton, 0.D. (ankle closure) 
Parka, field, pile, O.D. . 
Parka, field, cotton, 0.D. (fits legs) | 
Parka, field, overwhite 

Trousers, field, overwhite 

Mask, face, cold weather 

Socks, cushion sole, 1 pair 

Socks, ski, white, 2 pairs 

Socks, felt, z pair ; 

Boots, mukluk, with 2 pair felt or jute insoles 
Mittens, arctic, with insert 

Mittens, wool insert, trigger finger 
Mittens, overwhite 


Qualification of Subjects 


+ BAC, Pfc. - RA 38775697. Age 19 years. Bente he 9 ans, oe : 
healthy. | | | 


Signal Corps Training: Central Signal Corps School, Camp Crowder, “- for 
three weeks. Eastern Signal Corps School, Fort Monmouth, New Jersey, for 
months course in telephone and telegraph installation and repair. bg ee 
Corps Engineering Laboratories, se aria Detachment, Fort Monmouth, isaac 
Jersey, one month. 


JJR, Pvt., = RA 1223hN2. Age 19 years. Height, 6 ft. }in., weight, 163 Ibs 
healthy. ou 


_ Signal Corps Training: Central Signal Corps School, Camp Crowder, Mo., for 
3 weeks. Eastern Signal Corps School, Fort Monmouth, New Jersey, qualifying 
as Central Office Technician with MOS 095, Signal Corps Engineering Labor= 

atories, Development Detachment, Fort Monmouth, New Jersey, one month. 


RAS, Cpl.,; - 4126213 « Age 19 years. Height, 5 ft. 7 ines weight, 130 lbs 
healthy. 


Signal Corps Training: Central Signal Corps School, Camp Crowder, Moo, for — 
four months. Eastern Signal Corps School, Fort Monmouth, New Jersey, for a 
four and one-half months course in telephone cable splicing. Signal Corps — 
Engineering Laboratories, Development Detachment, Fort Monmouth, New Jaraey 

one month. 


LJL, Pyt., - 43044154. Age, 19 years. Height 6 ft. 1 ine, a a 
One eye astigmatic. fe 


Signal Corps Training: eight months in Radio Operators School and two mont 
at Signal Corps Engineering Laboratories, Fort Monmouth, New Jersey. 
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ABSTRACT 


A CRITIQUE OF PHYSICAL FITNESS TESTS 


OBJECT: 


This project has three purposes: (1) To analyze data from this 
eo Laboratory on physical fitness as measured by the Harvard Step Test, the 
se Navy Step Test, the Army Ground Forces Test and the Army Air Forces Test; 
(2) To discuss the difficulties in definition and measurement of physical — 
fitness; (3) To make recommendations for the improvement of present tests 
and for the development of new tests. 


: 3 DISCUSSION: 


ete Since military operations require men who are physically fit it is 
cal highly desirable that some measurement or test be available to permit dia-- 
. crimination between degrees of fitness. Only by evaluating fitness is it 
possible to employ preselection logically, to measure the effects of train- 
Sit ing and to determine stages of convalescence. Since there is no universal- 
is ly accepted definition of physical fitness, many tests designed to evaluate 
3 it actually measure different aspects of fitness. When it became apparent 
eo: that non-performance tests were thoroughly unreliable as predictors’ of 
oa performance, urgency of the war situation did not permit a critical study 
of the various elements in physical fitness which ought to be measured by 
=i an acceptable test. Practicable though empirical methods were employed 
without a basic study of how well they actually measured the sum total or 
discriminated between the several component parts of physical fitness. As 
gross errors became apparent changes were introduced into the tests or 
scoring systems. Over a period of three years this Laboratory conducted a 
series of fitness tests under controlled conditions. Since methods and 
procedures were not changed during this period the data may be used for 
comparative purposes. Since study of fitness is as pertinent to conditions 
of peace as to those of war our experience is presented critically in order 
that future workers may be aware of the complexity and pitfalls of the 
problem and to suggest lines of future investigation which should clarify 
the concept of physical fitness. The analysis and discussion do not present 
a flattering picture of the tests but it is emphasized that they have served 
an extremely useful purpose during the emergency period. The less urgent 
times of peace permit a basic and comprehensive reconsideration of the whole 
problem of testing physical fitness. 


CONCLUSIONS: 
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a. None of the tests studied is satisfactory for discriminating 
between degrees of individual fitness. This fault differs in kind and degree 


Failure to vett Pehier components of fitness, 
Inadequate scoring systems. : 
Abnormal distribution of performance achievement and/or score. 
Lack of reproducibility. 
Inability to control or measure motivation, 

Inequality of stress on all persons. 


Presence of test components where readily acquired skills per- 
mit subjects to "beat the test". 
Failure to consider environment or physique in scoring srekeans 


b.. Several of the tests are satisfactory as gross measures of fitness © 
and permit satisfactory comparison of groups. 


c. A battery of fitness tests is a better measure than a single test. 


d. Appraisal of fitness by good line and non-commissioned officers, 
+5 familiar with their men, is as good or better than fitness tests in evalu- 
ae ating troops. 


e. Performance tests, when competition is aroused, serve as silage oe 
to improve fitness. 


RECOMMENDATIONS : 


a. That a far reaching program of basic investigation in physical 
fitness and reliable methods for testing it be included in the plan for post- 
war medical research relating to the army. 


b. That the information contained in this report be made avdiiabie to 
persons and agencies responsible for physiological research. 


c. That until tests are further perfected they be considered as some- 
what unreliable aids in evaluating individual fitness, not final determinants. 


d. That the tests be considered fairly reliable means for discrimin- 
ating between degrees of fitness in large groups of men. 


Submitted by: 
William B. Bean, Lt. Col., MC 
Charles R. Park, Captain, MC 
David M. Bell, Captain, RCAMC 
Charles R. Henderson, Captain, SnC 
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A DEFINITION OF PHYSICAL FITNESS 

Physical fitness is a term which has been applied to many phases of 
health and performance. Though its basic importance is widely recognized 
its definition is vague. To the physician it may signify absence of disease, 
to the athletic coach the perfection which comes from a program of training 
and to the employer it may mean satisfactory productivity in labor or indus- 
trial work. In terms of military tasks, fitness signifies something special 
and not interchangeable for the infantryman, the fighter pilot, and the sub- 
mariner; fitness for attacking a tropical beachhead and an arctic pillbox 
may not be the same. 


s Physical fitness as the term is used in this report includes various 
sane attributes and is dependent upon the proper interplay of several functions. 
Physical fitness of whatever kind depends upon (1) a physique or anatomical | 
structure permitting various activities, (2) a physiologic state compatible 

with carrying out the designated tasks, and (3) will-to-do which directs the 
person to do the job. In addition skill, a compound of native ability and 
training, influences performance. A measure of fitness should determine the a 
resultant of these forces at a given time under set circumstances. Its utility _ 
hinges on appticability of the measurement to broader fields of performance tr 
than reside in the brief small scope of a fitness test. 


From the military viewpoint, structural and functional components of 

physical fitness as well as motivation are requisites for effective perform 

ance. A test which would measure them separately would be useful since 

: compensation, by masking a defect in one or another attribute, may reduce the 

7 likelihood of potential improvement. Strong motivation even with mediocre ie 

structure and physiologic state may yield better performance than poor motiva- _ 

tion associated with excellent physique and functional state. Superior physi-. 

Ologic status may compensate for defects in structure. If the will-to-do is —. 

poor no test will assess physique and functional state. Therefore, present 

fitness tests can do no more than appraise the resultant of all factors con- 

tributing to fitness. They do not discriminate between or measure separate 

components. In specific terms physical fitness should include (1) capacity 

to endure for considerable periods of time multiple types of work on a high 

plane of energy expenditure, with. (2) minimal disturbances of cardiorespira- _ 

tory, muscular and other physiologic functions and (3) capacity for purpose- 

ful activity following work. A test should measure both accomplishment and 

cost. One must distinguish physical from medical fitness, structural from 
functional fitness, and soundness (endurance) from momentary fitness. 


During the war the need for a simple but reliable test for fitness was 
urgent. Since no available test gave a satisfactory measure of performance 
a number of new ones were devised and have been used extensively. It is 
recognized that the tests have had manifold usefulness but they also have 
faults, some of which may be corrected by changing the scoring system or 
introducing new components or measures into the test. On the basis of the 
large body of data collected in various tests and surveys conducted by this 
_. laboratory, we have analyzed four widely used tests, pointed out defects and 
suggested methods of improving them. ; 


= Sources of Data. 


ns 1. Fort Knox Studies: A total of 125 men was studied at Fort Knox ~ 
during the winter and spring of 1943-1944 in order to compare their fitness 

ratings by the Harvard Fatigue Laboratory Step Test, the Navy Step Test, 

' the Army Ground Forces Test, and the Army Air Force Test. All men were 
healthy enlisted volunteers between the ages of 18 and 33 years, with average 
age 21 years. They varied considerably in size and weight and recent physi- 
cal training. The Navy and Harvard Step Tests were performed in an air-con-— 

-ditioned laboratory on a linoleum composition floor, the AGF and AAF tests 
were performed outdoors. All tests were run in the morning at least 2 hours 
after breakfast but the AGF Test was not done on the same day as the others. 
Rest periods of 45 to 75 minutes separated successive tests (AAF, Navy, and 
Harvard Step Test) while 15 to 20 minutes separated components of the AGF 
Test. Smoking was prohibited 15 to 20 minutes before a test. For further 
details see reference (1). 


2. Colorado Studies: A battalion of 827 riflemen was used as 
subjects in an eight week study. These men, receiving final training for 
combat, were acting as subjects for the testing of field rations. The 
Harvard Step Test, the Army Air Force Test, and Army Ground Force Test were 
conducted at weekly intervals. The measurement of improving fitness under 
vigorous field activity in unusually well controlled conditions could thus 
be readily observed. 


a. Subjects: Significant data are listed in Table 1. 


TABLE 1 


Characteristics 


Age (years) 
Weight (pounds) 
Height (inches) 
Length of Army 
Service (months) 


fa 


b. Environment: The tests were conducted in the Pike 
National Forest in the Rocky Mountain area of central Colorado. It was an 
isolated area of rugged rock and timbered mountains, rolling hills and 
valleys and wide plains. The climate was temperate, with the maximum 
daily temperatures ranging from 72° to 92°F and minimum temperatures from 
32° to 45°F. The altitude varied from 8700 to 9000 feet. (All subjects — 
had spent several months at 6100 feet immediately prior to the test period.) 


= fi abate ay apt nat ; 


a 
a 
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c. General Organization and Activity: The battalion was “4 
divided into six (6) companies. Training of all companies was uniform and _: 
each week's quantity of work was approximately equal to that of any other . a 

“a 


ainly of practical “field work was: given; lectures were held to a minimum. 
aining included marches both night and day, combat firing, platoon and > 


squad tactics, organization of the army, outpost problems, map reading and 


compass work, scouting and patrolling, tactical training of the individual, 


- transition firing, bayonet training, field fortification, foxholes, grenade 


training, and night vision. Morale of the test subjects throughout the 
entire period was excellent. A spirit of competition between companies 
and between platoons within each company was maintained throughout and 
provided incentive in: fitness testing. 


_  d. Organization of Testing: A routine test day involved the 
following procedures: (a) weighing all men, (b) biochemical studies, 
(c) a clinical examination, (d) the Harvard Step Test, (e) the Army Air 


Force Test and (f) the Army Ground Forces Test which was carried out in the 


afternoon. The battery of fitness tests was given six (6) times. Test 1, | 
in which the AGF Test was not included, was done at 6100 feet altitude; all 
others in the test area at 9000 feet. Test 2 was done the first full day 
in the test area. Test 3, done 7 days later, measured effects of acclimati- 
zation. The Step Test and the AAF Test were done in the morning, an hour ~- 
separating the two. Half of the subjects did the Step Test first and half 
did the AAF Test first. The original sequence was followed by each subject 
in all subsequent tests. Order of sequence had no apparent effect on the 
scores. The AGF Test was begun an hour after lunch. Each component was 
done in the same sequence and interval rest sufficient only to catch the 


breath was allowed. The 4-mile march did not begin until 30 minutes after 


the zigzag was done. For further Renate see AMRL Report on Project No. 30, 
dated 22 November 1944 (2). 


3. Pacific Study: The Harvard Step Test was done on selected 
subjects on Hawaii, Guadalcanal, Guam, Iwo Jima, and Luzon during the 
course of a nutrition survey. 


The data were taken from samples of at least 50 men who had the 
characteristics listed in Table 2. 


TABLE 2 


Hawaii | 


Guadalcanal 

Guam 15h, 

Iwo Jima 150 
14h 


Luzon 


For further details see Armored Medical Research Laboratory re- 
port on Nutrition Survey in Pacific Ocean Areas dated 22 August 1945 (3). 
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~y step eeeer ‘The inevard ah Test 
© measure > fitness using two criteria (1) the duration up to the 
5—minute limit of stepping up and down on a 2~inch platform and (2) the . 
_ pulse rate for 30 seconds beginning 1 minute after cessation of this effort. _ 
_ To attain good scores the subject must have both good mechanical strength _ 
‘and ample cardiac reserve. Ideally, the measurement of pulse rate in recovery 
should be made after a standard task, and measurement of muscular strength ~ 
should be independent. This has been attempted with only partial success in — 
the Navy Step Test. In an attempt to make the procedure as simple as possi- 
ble the Harvard Step Test combines these two components. 


ees 1. Colorado Data: Figure 1 shows the distribution of duration of ron 
: exercise on the Step Test. On Test 2, 73% of men completed the full 5 minutes 
of effort and 96% of men on Test 6. In all 2500 tests conducted, 85% of men 

completed the full 5 minutes. C 


Diskribution of the times achieved by men who failed to com 
ciate the full 5 minutes (Fig. 1) shows that very few men stopped between 
4, and 5 minutes. The subjects were told how long they had been working and, 
presumably when within 1 minute of their goal, pone Senet the extra effort 
required to continue to the oe 


An empirical Seeeticnmhin between performance time and pulse 

rate govern the scoring system as shown in Tigure 2. This system gives 60 
points for 5 minutes of effort and the remainder of the score is derived 

from the pulse rate response. The separation of 85% of soldiers into more 

and less fit men thus depends entirely on cardiovascular response to a stand- 
ard severe task. the pulse rates of these men fall into a symmetrical distri- 
bution curve (see Fig. 3), which suggests that scoring for this group should 
be a linear function of the pulse rate rather than an exponential function 

as is now the case. 


In this study only 15% of men failed to complete 5 minutes of 
stepping but in a group of less fit men this percentage would be much larger. 
When less than 5 minutes is completed the actual time of performance greatly 
influences the final score, and the pulse rate influences it to a lesser 
extent. In proportion to the mechanical weakness of the subject his score 
will be reduced. To demonstrate fitness in this group comparable to the 
group completing the full 5 minutes, there must be a definite correlation 
between mechanical and cardiovascular strength and it must be properly 

weighted in the scoring system. The evidence that this is not the case is 
as. follows: : 


a. The distribution of scores for men completing 5 minutes 
follows a symmetrical curve (Fig. 4).* The addition of men failing to com 
plete 5 minutes distorts this curve. . 


: b. Satisfactory distribution curves of scores (Fig. 6) was ob= 
i tained in the Colorado tests when 85% of men completed the full 5 minutes. 


ae A slight distortion of the pulse rate distribution curve from which the | 
score curve is derived is the result of the non-linear relationship between 
pulse rate and score previously noted. One obvious deficiency is the absence 


of any scores of 85 which is an artifact arising from the use of the scoring © 


= c. The heart rate of men completing 5 minutes on the Step Hone : 
correlates very poorly with components of the AAF and AGF Tests in which 

mechanical strength is the chief requirement for a good score. An example 
is shown in Figure 5. ae 


d. The scores of men who do not complete the full 5 minutes 
vary much more than the scores of those who do complete the required time. 
Although this may result from improper motivation or other factors, it intro- 
duces an irregularity in the test, particularly in the low score range. | 


e. Scores made by men completing the full 5 minutes correlate 
well with AAF Test scores, while the Step Test scores of those failing to 
complete 5 minutes correlate very poorly. 


f. Vagal bradycardia may produce a spurious score not really 
related to fitness under certain conditions (4). 


2. Pacific Data: Results of the Harvard Step Test in the Pacific 
Nutrition Survey are presented in condensed form in Figure 6. Since the 
distribution curves for Hawaii and Guadalcagal were nearly alike they were 
combined, as were those for Guam and Iwo Jima. The data from the Pacific 
have been compared with scores from the first: and last test in the Colorado 
Ration Trials. The distribution curves fall into three distinct groups with 
low, medium and high scores. The low scores made by subjects on Hawaii and 
Guadalcanal may be explained only in part by the higher average age and 
greater weight of the subjects, both of which are associated with lower 
scores. ‘Though the differences were not large, the environmental factor of 
heat load was greatest on Guadalcanal and least on Hawaii. The score indi- 
cates a low state of fitness consistent with sedentary work and lack of 
arduous exercise. The distribution curve for the combined data from Guam — 
and Iwo Jima is quite similar to the curve for the first test in the Colo 
rado infantry battalion, although the mean score for the latter is 2 points. 
x! ‘lower. This is interpreted as indicating a very similar state of fitness in 
2 the two groups--a state of average fitness in garrison troops without active 
training. The highest scores were made by the Colorado test subjects at the 
end of 8 weeks' intensive training in the field.- Distribution of scores: 
from the infantry division in the lines on Luzon is strikingly similar. Age | 
and weight were nearly alike in these groups. lt is concluded that the 
distribution and mean values for Step Test scores of these two groups of sub- 
jects indicate a high level of fitness consistent with either effective ~~ 
training or vigorous combat activity and associated es high ee 


Distribution curves in Figure 6 fall into 3 distinct ranges, 
a poor, an intermediate, and a good. These curves agreed with the observer's 
impression of the actual state of the men. The test, therefore, has utility 
in separation of groups, regardless of its defects in evaluating fitness in 
a single — 


nea 


oe pipes test. 


Practically, the Harvard Step Test is very easy to carry out, 
picudring little apparatus. One observer can process 10 or more men an hour. | 
It can be done in the field where more complex tests would be impossible. 
Subjects dislike the test because of the strain on the leg muscles which 

often produces soreness, and the dyspnea and fatigue which are out of pro~ | 
portion to the energy used. These objections indicate that the test really 
taxes the subject. . 


From these observations it appears that the Harvard Step Test 
uses two distinct elements of physical fitness—-cardiovascular strength and 
mechanical strength—~in a combination which does not permit strict comparison 
of men within a test group except the very fit men who complete 5 minutes of 
stepping. Despite these limitations the test is a useful one and serves to ; 
give an approximate overall evaluation of the ‘fitness of a group of men. 


C. Navy Step Test: The iawideten of a distinct cardiovascular part 
and endurance part in the Navy Step Test is an attempt to include the two © 
chief components of fitness. The distribution of scores skews markedly to 
the right and is very asymmetrical (5). Because the score is very largely 
determined by the endurance component, the test loses much of its potential 

value. In addition, it requires a preceding period of rest, and several 
- observations of pulse rate, rendering its administration to large groups 
very difficult. Karpovitch has made an analysis of the AAF, Harvard and 
Navy Tests and found that the test-retest reliability of the Navy Test gave 
an R value of only + 0.48. Studies in this laboratory (1) pointed to the 
same conclusions independently. Therefore the Navy Test was not included 
in the battery of tests carried out in the Colorado Ration Trials. Revision 
of the scoring system would improve the usefulness of the test. ee 


D. The AAF Fitness Test: The 3 components of the AAF Test are a 
300-yard shuttle run, sit-ups, and pull-ups. The AAF score is vhs KiMrage 
of the scores for each component. ae 


1. Three Hundred-Yard Shuttle Run: In the shuttle run the subject 
mast run five 60-yard laps, making a 180” turn at the end of each except 
the last. The score is based on the time required to traverse the entire 
course, and a good score requires both sprinting speed and agility in making 
the turns. The very poor correlations of this test with the Harvard Step 
Test suggest that the duration of the run is too short for i ser Os ay cue 
function to be a ‘peepee factor. 


The score of the Colorado group on the run was considerably 
below the "good" rating. Among the reasons for poor performance were: 
(a) The sandy terrain which was poor for Oe (b) regulation army combat 
boots were worn after Test 1. 


. The total AAF scores were relatively much lower than the 
Harvard Step Test or AGF scores where no such hindrances wigan ig or affected 
many. a fraction of the test components. 


Gat risition of running time te 2 tests Pe ae 

th lorado study. ‘Definite improvement is noted. Bunching at the low 
rs (high score) portion of the scale appears with improving fitness. This — 
_ tendency is presumably the result of some factor, perhaps body configuration, © 
which imposes a limit on performance little effected by improving general 5 
fitness. The scoring system of the test recognizes this tendency. A given _ 
decrement in running time receives more score credit when made at the low | 
time end of the score than the same decrement made in the middle or high end > 
 .. of the scale (Fig. 8). This "correction" is in the proper direction but not 
sie sufficient to give a symmetrical distribution of scores. gs 


2. ‘Sit-Ups: In this test component, sit-ups must be performed in 
a prescribed manner, except that some variation in rate is allowed. The score 
increases with the number of sit-ups up to 114. Beyond 1)4 sit-ups no further 
score accrues. The test places a heavy strain on the muscles of the trunk : 
and pelvis and muscle fatigue is the limiting factor in the number of oe 
that can be performed. 


The distribution of the number of sit-ups on wht Feat aay be 
seen in Figure 9. Two features of the curve are of interest. First, a. 
group of men was able to complete the full 114 sit-ups necessary to make a 
perfect score. In Test 2, this was 6% of the total number of men; in Test 6, 
20% of all men. In Test 2, more than 90% of men who completed 11, sit-ups 
were in a single test company. It is possible that this company used a 
technique which spared them muscular effort and permitted them to attain 
perfect: scores. However, in Test 6, the men who performed 11, sit-ups were 
evenly distributed throughout all test groups. No break in the rules for 
performance of the test could be detected to account for this exceptional 
performance. The second feature of interest is the extension of the distri- 
bution curve toward the high number of performances, in contrast to that of 
the shuttle run which shows bunching as peak performance.is approached, In 
the shuttle runs it was hypothesized that the mechanical structure of the _ 
body imposed a limit on performance which checked increase in score though 
fitness in general was still improving. In the sit-ups the opposite effect, 
i.e. improvement in score without corresponding increase in fitness, may 
arise from learning a knack which enables a man to spare himself muscular 
effort. Again, score does not accurately reflect general physical fitness. 


It could be argued that the ability to learn a knack is: Ln it- 
self a measure of physical fitness, but this does not seem to be the case. 
The AAF scores of men perfo 114 sit-ups are contrasted with the men per- 

forming between 60-90 push-ups (Table 3). Whereas men accomplishing 114 
sit-ups scored very much higher on the AAF Test, they did not score signifi- 
cantly higher on other tests. 


TABLE 3 - 


"114" Group 


"60-90" Group 


tT tc esord Peston pt ee Poise gives more credit for ae 
f s in performance at the low end of the scale than at the high end. (Fig 
10). This partly offsets the skewing of the distribution curve of performan 
- The correction is not sufficient to give a symmetrical distribution of scores” 
and it does not affect the men attaining perfect scores. 


3. Pull-Ups: The pull-up component of the AAF Test is a measure of _ 
the muscular strength of the arm and shoulder muscle group. The test is of 
short duration and the limiting factor in performance is muscular fatigue. 


Distribution curves of performance in Test 2 and Test 6 show 
symmetrical curves with a symmetrical shift of the entire curve with improving 
performance (Fig. 11). The score should be in linear proportion to the per- 
formance and this is almost the case in the official scoring system. At the 
extremes of performance there is a slight departure from linearity which has 
only slight effect on the classification of a small percentage of men. 


The division of men into thirds of least, average, and most fit 
: ante on a mean difference of slightly more than 4 chin-ups. However, in 
the series of tests performed over 57 days the men increased only 2 chin-ups, — 
from 7 to 9. This suggests that only marked gross changes in fitness would 
be detected by this component of the test. 


4. AAF Test as a Unit: In each component of the AAF Test some 
deficiency has been noted. Each deficiency reduces the reliability of the eer 
result for a certain percentage of the men. In the case of sit-ups this per- 
centage may be quite large and will have a considerable effect on the final ; 

AAF score. 


The distribution of total scores on Test 2 and Test 6 of the 
Colorado study are shown in Figure 12. As would be anticipated from the 
: distribution curves of the separate test components, this curve is also 
at asymmetrical. There is a pronounced shift toward higher scores from Test 2 to 
ceo Test 6; however, the form of the curve remains about the same. The improve- 
ment in fitness in the AAF Test for the group of men as a whole correlates 
well with the improvement noted by the Harvard Step Test and the AGF Test. 


E. AGF Fitness Test: The 6 components of the AGF Test and their percent 
contribution to the final AGF score are listed in Table 4. 


TABLE 4 
Contribution to 
‘Name of Test Character of Test : Fins? Score 


Lemile march Subject carries pack & rifle* 30% 
300-yard run : - fwo 150-yard laps with 180° turn 20% 
75-yard pig-a-back-run Subject carries man of equal weight 20% 
Combines creeping, crawling, broad 
| Zigzag run jumping 10% 
Push-ups Standard calisthenic exercise 10% 
Burpees Standard calisthenic exercise 10% 


Cae Standardized iz the Colorado Test to veree 20-30 pounds. 
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BLing 
| hoo TE the’ Gee 1 on time at each mile and finishes | 
30 minutes he receives a perfect score. 


~ , Performance in the cease march is shown in Figure 13. In eat 
ae 40% of men finished on time and Test 6 virtually 100% of men. It is ee 
_ obvious, then, that for the degree of fitness reached by Test 6 the scoring 

- system will not discriminate at all between the more and less fit men of . 
. the groups. 


ee 2. Three Hundred-Yard Run, Pie Shnelk Run, and Zigzag Run: The 
distribution curves of performance in the running components of the AGF = 
Test show a tendency toward bunching of men as fitness improves (Pigs. ly, 
- USsand 16). As in the AAF shuttle run, this tendency does not necessarily 
indicate that fitness is reaching a maximum, but may only indicate that 
some mechanical factor such as body construction is limiting running speeds. ss 
3 No correction in the AGF scoring ayasen has been attempted for this. trend. 


oe 3. Push-Ups: The distribution curve of push-ups has a. curious 
"form with improving fitness (Fig. 17). This tendency is noted in Tests hy 
5 and 6, It is the result of a maximum score having been arbitrarily placed — 
at 34 push-ups. The men made great efforts to reach 34 but not to continue 
‘beyond that figure, as they would receive no further credit. As in the 
Harvard Step Test, there is a dip in the distribution curve in the region 
just short of a perfect score which indicates that men who near the mark 5 
_ probably make an extra effort while those who feel they cannot reach perfec- — 
' tion quit before exhaustion. In the zigzag runs and pig-a=-back runs where 
most men were finally making perfect scores they had no reliable guide as 
to their time and did not Star down. | 


ie 4. Burpees: The dsebribation of burpees performed (Fig. 18) is 
eg symmetrical curve and shifts symmetrically with improving performance. 
As in the AAF chin-up test, however, a small difference in the number of | 
performances has a profound effect on the fitness classification. 


5. AGF Test as a Unit: The AGF Test has certain features which 
should make it the most accurate index of fitness for army use. The first 
is the fact that it employs 6 components. The lack of correlations found © 
in this study between test components indicate that each component measures 
Pe a different aspect of fitness or that each is highly unreliable. In either 
Se instance greater reliability will be achieved by increasing the number of 

components. The test components are very similar or identical-in many 

cases to the actual activity of the infantry soldier in the field or combat. 

In other words, a large part of the AGF Test is a direct measurement of 
practical military performance. 


The use of a as number of components has the disadvantage 
of making the test difficult to administer. About 15 men are required for 
the rapid testing of any group larger than 25 subjects. Organizing and 
‘measuring the test areas is time and labor consuming. — . 


AGF Test | is the V taerioe aotens The — 
1 lines on the distribution curves of performance show the. 

zs performance necessary for a perfect score. Obviously in many . 
Sasha performance is possible beyond the line of maximum score and no > 


additional credit is given by the scoring system. This effect is seen in 


the distribution of total AGF scores plotted for Test 2 and for Test 6 


(Fig. 19). Satisfactory distribution occurs only for the lower half of © 
scores on Test 2. In Test 6, bunching of the group has occurred to a ok: 
extent because a large fraction of men have reached perfect scores in several 


components. Clearly the fitness of the group as a whole will not be correct—_ 


ly indicated and estimation of individual fitness within the group will be | 
very unsatisfactory. The scoring system should include the highest degree 
of performance for which data are available and it should be proportional 


to the performance distribution curve in a manner to give a symmetrical dis- 


tribution of scores.* (See AAF Test.) 


F. Correlation Among Tests and Test Components: 


1. Correlations of Tests: Correlation was poor with the Harvard 
Step Test scores and both the AAF and AGF Test scores. Correlation was fair 
between the AAF and AGF Test scores (Table 5). | 


TABLE 5 


Correlation 


Harvard vs AAF 


Harvard vs AGF 


AGF vs AAF © 


2. Scatter Diagrams were made to establish correlation between 
certain test components and groups of test components. To avoid errors due 
to artifacts of the scoring systems, the scatter diagrams were either plots 
of actual performance, or new scoring systems were used which were directly 
proportional to performance. Correlation coefficients were not calculated. 
The diagrams and estimates of correlation are listed in Table 6. 


# This correlation cannot be undertaken from this study because the actual 
performance times on the 4-mile march were not recorded. 7 


- 


Test Components 


AGP Burpee vs AGF Push-up : | Very poor 
AGF 300-Yard vs AGF Pig-a-back Very poor 
| AGP Push-ups vs AAF Chin-ups : Very poor 
“AGF Barpee vs AGF Zigzag Ay Very poor 


AGF 300-Yard Run vs AAF 300-Yare 
és Poor 


Aid Gust tie Run vs Harvard Step Test Very poor 


Estinsiion oF ‘ 
Correlation _ 


GE Test without march vs AAF Test Fair 


Test Group 


| AGF Burpee + Zigzag + Push-ups vs 
AGF Pig-a-back + 300-Yard Run Very poor 


AAF Test vs Harvard + AGF Teste Fair 


3. j%&Improvement in Fitness: The mean scores made on each test. shave e 
been plotted for successive days (Fig. 20). Although the correlation between 
individual tests is not good, the degree of mean improvement in fitness indi- 
cated by each test is similar. The rate of improvement in fitness appears to 
lessen in the last days. This may be an artifact of the scoring system arising 
from the use of maximum scores in many test components. (See discussion of 
AGF Test. Pe 


eeceard tie pe cn fine bag bevliiic and Haldane analysis were used 

the collection of data. These data, calculated as additional cost over a 

_ above the average expenditure for very light activity (100 Cals/hr), are 
given for the usual performance in total work done: 


Time of Duration oe 
or Number of Times . © 
| Exercise is Completed sss 
Step Test : : | | 5 minutes 
Sit-ups | ss 3 100 sit-ups 
Chin-ups | 10 chin-ups 


300-Yard Shuttle Run | | 60x70 seconde: 


Pushape | ah 20 push-ups. 


2 60-70 seconds _ 
ees 20 seconds 
Pigea-back - 20 seicutiaa: 
Zigeag” : re 30 seconds 
h-mile*Road March, e 


Pack and Equipment | yen NE . 
(30 pounds) 7 eee 50 minutes _ 


TOTAL 


CES ON PERFORMANCE 


eK: terns) Fectoce: Factors in the external environment inflvenee 3 
performance in two ways: (1) they may actually alter fitness as in work 
at high altitudes or in the heat, especially before acclimatization has 
taken place; (2) they may interfere with carrying out a set task as, for 
example, running on a muddy or sandy track. Such effects are independent — 
of the state of fitness as determined under a standard environment without 
extrinsic interference. Nevertheless, influences of this class have often 
been disregarded in setting up specifications for performance tests, and no 
scoring procedure has been established which allows for proper weighting © 
of environmental factors of several types. Any test conducted out-of-doors 
Boo. may be disturbed by rain and wind; is influenced by terrain, by firmness of 
Fe ground, by mud or dust, by stability of equipment or apparatus and sometimes 
by glare and sunshine. Constricting, ill-fitting or loose clothes and heavy ar 

or poorly adjusted shoes interfere notoriously with running, whereas an anetan eae 

cle course may be negotiated more expeditiously with protective clothing. ~ ae 

A general criticism of fitness tests is their lack of regard for the iets 3 

of the external environment upon performance. This has prevented exact com 

parison of tests in groups when environmental influences may have changed. 


B. Intrinsic Factors: 


1. Physique: Studies of physical fitness have not advanced to the _ 
stage where a separation of the various components of performance may be 
analyzed, One of the important fields for future investigation is the role. 
of body structure in determining performance. It is well known that differ- 

ent body types may be associated with superior performance in different _ 
fields. Thus, the good sprinter or distance runner is apt to have a slim 

wiry build whereas a wrestler is usually heavier and more muscular. Fitness — 
for one task does not imply fitness for another. Obesity is a concomitant of 
poor condition but height-weight tables do not differentiate mere fatness | 
from the sounder heaviness which may be associated with excellent physical 
fitness. Behnke et al (6, 7) have shown that specific gravity is a better | 
criterion than poundage since it separates the obese from the miscae  e8 
Height and limb length influence performance for purely mechanical reasons. 
Anthropologic type may affect fitness in a specific fashion, although if an 
influence other than the suspected role of physique exists it has not been 
measured. One may believe that racial characteristics, separate from | 
physique, may affect muscular efficiency or other aspects of performance in 
view of the work done by coolies and groups of laborers. But here, too, the 
possible effects of training and practice remain to be evaluated against -the 
scarcely measured forces of survival of the fittest in its Darwinian sense. 
Performance is in part influenced by the course of growth and aging but _ 
whether this is mostly a phenomenon of structural change, of biochemical 
development or of skill and practice is not known. Similarly, the decay of 
performance with aging is not resolved into its component mechanisms. If 
such factors are not evaluated a fitness test may measure structure much or 
little depending on the type of test. — 


a. 2. Physiologic State: The physiologic and biochemical determin- 
ants of fitness are governed by external as soi. as inherent forces only a 


Bae altriticn is a basic requirement of ee 
Pc yypes of nutritional aberrations cause a deterioration | 
arfornence. These run the gamut from a bone change resulting from 


hronic calcium depletion to the effect of acute caloric starvation. The 


studied only recently for a few factors. Water and electrolyte equilibria 
‘must be maintained in proper balance for the best fitness. The effect of 
drugs such as alcohol and analeptics must be evaluated. Muscular efficiency 
and oxidation processes have received extensive study and have had a marked 
influence in devising tests to Sar eere fitness. 


C. Miscellaneous: Many additional influences have great importance 
in performance. Of these the chief is the intangible motivation, morale or 
will-to-do. It dominates performance and is therefore an integral part of 
fitness. Without it no test of fitness gives a measure of more than an un- 
known fraction of potential performance. Additional factors such as time _ 
of day, elapsed time since meals, quantity and type of food eaten, sequence ~ 
of tests if several are carried out in rapid succession, rest, sleep and 
fatigue all add their effects to the underlying attributes which govern 
performance. The role of innate coordination, learning to accomplish muscu- 
lar work with least effort and tricks which reduce energy expenditure in a 
set task, must be evaluated against the real improvement in fitness which 
comes from the repeated practice which constitutes training. When environ- 
mental conditions such as heat and high altitude are encountered improvement 
from acclimatization mst be separated from genuine enhancement of fitness. 


PS irs! TCT Dr rie MI Ci ee a et 


Unless all factors are evaluated and separated inaotar: as possible, 
any test of fitness may give spurious answers because of the multitude of 
Ls environmental conditions which affect performance even when fitness itself Sack 
: remains static. Every possible control mst be used to regulate the con~ eee 

ditions of a test in order that a score will have significance in meaningful es 

terms. Whenever external influences cannot be eliminated they must be ; 
measured and recorded in order to appraise their effect upon the results af aie 
any test. ¢ : 


- The final standard against which physical fitness tests must be judged 
is actual performance. In order to compare a test score with performance, | 
_ the latter must have some measure in quantitative units by which a score 
may be validated or invalidated. In the absence of preselection, job analy- — 
sis or other objective methods of assignment of personnel on the basis of 
capacity, the infantry soldier is rated by his line and noncommissioned 
officers. His duties in the field are allotted on the basis of his superior 
judgment. Although this is no infallible criterion it has worked out sur= _ 
prisingly well in the hands of capable leaders. It is the method by which 
the infantryman is given designated tasks. It is of considerable interest 
to compare the sum of scores on the 3 fitness tests at Colorado with 
arbitrary ratings of poor, fair, and good given the subjects on the day of 
_ -~-—s testing by their line and noncommissioned officers. Figure 21 illustrates 


Boe the results of plotting the sum of the scores on the 3 fitness tests against 
ie the percentage of ratings of good, fair, and poor in class intervals of 10. | 
a Each of the three ratings forms a clearly defined curve with a location 

which agrees with what would be expected. Though the ratings are arbitrary 
% and varied Somewhat with different officers, the pooled data show a very | 


striking agreement between scores and ratings. A similar procedure carried 
out by the observers gave no significant correlation between ratings and 
te scores, an indication that the exercise of command and living with their 
ee men probably enabled the line officers to form a more just estimate of 
Bec fitness than mere association did in the case of the observers who had no 
Bs | experience in command. 


Picante | Between Clinical Signs of Nutritional Significance and 


Scores on Fitness Tests 


Two criteria in evaluating health are clinical signs of malnutrition © 
and performance in tests of physical fitness. Little information has existed © 
upon correlation between signs of nutritional deficiency and performance cone 
among either the grossly malnourished or well nourished. In the Colorado 


“Test clinical examination and physical fitness tests were given 4 times on 


the same day at 2 or 3-week intervals to 6 infantry companies. This afforded 
an opportunity to see whether performance on fitness tests and clinical 
signs were related. 


Data on 4 complete sets of clinical examinations and fitness tests 


were assembled on a total of 441 men (1764 examinations and tests). Physical ae 


fitness scores for each company—date group were separated according to the 
presence or absence of each abnormality. The mean differences between normal 
and abnormal groups were calculated for each fitness test. The 24 "within 
company—date" mean differences were averaged by weighting each of the har—. 
monic mean of the number of men with the number without the abnormality in 
that "company—date” subclass. Finally the weighted average "within company- 
date" differences between normal and abnormal men were tested for statisti- 
cal significance using the standard deviations. 


Of 72 possible correlations, 14 were found to be of statistical 
significance; of these, 12 were in favor of the normal men. Four consider- 
ations render these differences of no practical importance: (1) the dif- 
ferences were all small, rarely amounting to a difference of 5 points whereas 


_ the experimental error of the fitness tests is actually larger than this; 
(2) variations among the clinical observers could easily have accounted for 


many differences between the so called "normal" and "abnormal" subject; 

(3) the number with positive physical findings was mach smaller than the 
number without and, in fact, hardly significant; (4) many physical signs- is 
were isolated phesioacia and not related to deficiency disease syndromes, It 
appears, therefore, that the small but statistically significant differences 
between certain clinical abnormalities and performance scores are actually 

of no practical importance. Men rated lowest clinically made practically as 
good scores as those rated highest; men with best performance and practically 
as high an incidence of clinical abnormalities as those with worst perform 
ance. It appears that, in a normal group, small aberrations in clinical 
signs are inconsequential in terms of fitness scores. 


B. Relationship Between Biochemical Levels in Blood and Urine, and — 
Performance on Physical Fitness Tests 


One of the requisites for good performance is a proper function of 
the physiologic and biochemical systems which govern muscular and cardio-~ 
vascular fitness. Little is known of the relationship between performance 
and the vitamin content of blood and urine in a large group of healthy young 
men. Biochemical determination on hemoglobin, serum protein, serum and urine 
chloride, fasting and load ascorbic acid, thiamine, riboflavin and Fo factor 
in the eos were made on the same day as the fitness ee Data for all 


ee of Liste. being Ge and all very small. 
- between AAF scores and fasting riboflavin and load ascorbic acid are not 
- considered to have any real meaning. It is concluded that in reasonably © 
healthy and fit young men there is no important pid ig amet between vitamin 
levels and scores on fitness tests. 


C. Relationship of Age, Height, Weight for Height and Recent Galois - 
_ Intake to Physical Fitness 


If fitness tests are of help in evaluating fitness and nutritional | 
status it is essential to know how performance is related to age, height, | 
weight, and recent food intake. Data on age, height, fasting weight, 3 
fitness test scores and 10 individual events were available from the ration 5; 
test material. For 2 of the test periods caloric intake for the preceding’. 
3 weeks was recorded for each subject. For all men with complete data 
"within company" correlations were calculated and tested for significance 
for (1) age and fitness test scores, (2) weight and fitness test scores, (3) 
weight in excess of average for corresponding height and fitness test scores, 

and (4) caloric consumption for the preceding 3 werks and fitness seat ncares: 


The positive correlate ons 


1. Age: Age was negatively correlated with scores on all. 3 tests 
at each of the 4 periods studied (Tables 7 and 8). In separate events this 
- correlation occurred with AAF Test sit-ups and run, but not pull-ups. In 
the AGF Test the correlation occurred in the burpee and the shuttle, pig-a-— 
back, and zigzag runs. The regression of scores on age was not linear.. 
There was a tendency for scores to be about the same for ages up through 
the middle twenties and then to drop off fairly sharply though not very mach. 
The test scores for different age groups are given in Table 8. In the AAF 
Test on the first day, a rather sharp decline in scores began after the age © 
of 24; this break came after the age of 27 in the last test. In the first _ 
AGF Test, the gradual decline began after the age of 22; in the last test, ay 
it began only after the age of 29 and was much less marked. In the first 
Step Test, the decline came after 26; in the last test, a real decline 
came only-after the age of 32. Insofar as the improvement in score indi— 
cates enhanced fitness, it may be said that the effect of age is not noticed re 
in trained men as @afly as in untrained men. Improvement was nearly the . 
same for all ages in the AAF Test, but the older men (with lower peda 
er A more than the Peeneer men in the other tests. ae 


Height: Similar correlations were carried out between Meise” 
and scores on fitness tests (Tables 7 and 9). Height was not correlated with 
Step Test scores, but was with AAF scores and on the initial test only with - 
AGF scores. Previous studies by Pace (5) indicated a lack of correlation. 
between Step Test scores and height for the Navy Test done on an 18-inch © 

platform. Data from the Harvard Fatigue Laboratory indicate that only ex— | 
tremes of height affected scores by handicapping the very short and facili- 

tating the very tall. In the events of the AAF Test, taller men tended to 
do more sit-ups and to make faster time on the runs but did fewer pull-ups. 
The well-known handicap of the short-legged man, and the mechanical dis- 


- TABLE 7 


‘SIMPLE CORRELATIONS OF PHYSICAL PITNESS PERFORMANCES 
WITH AGE, HEIGHT, WEIGHT IN EXCESS OF AVERAGE, AND PRECEDING CALORIE INTAKE 


Variables | Day of 


Test rvard Pig-a- AGF 
eo Sit-up Pull-Up | : Push-Up} Run Burpee Back Zigzag Score 


Cal Intake 
D to D$20 


[Cal Intake 
1D to DF55 
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TABLE 8 


PHYSICAL FITNESS SCORES MADE BY DIFFERENT AGE GROUPS 


TABLE 9 


PHYSICAL FITNESS SCORES MADE BY DIFFERENT HEIGHT GROUPS |. 


AGF 
Dt2.  D+35_ D$56 


42 


43 


42 
4l 

4,0 
7 4h 


45 
46 


45 
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ae 


prevent the 4-mile march on time. They did fewer push-ups. It appears ded to 
mechanical reasons probably account for the differences in performance 


between tall men and those of average height, although the sit-ups may be 


an exception. 


3. Weight for Height: In each height range, the heavier men tended 
to make lower Step Test scores, do fewer pull-ups and make lower AAF Test 
scores. These differences were more pronounced on earlier tests and in some _ 
cases had disappeared by the last test. Except for a poorer score on the zig 
zag on the first test, there was no correlation between AGF Test scores or 
' events and excess weight for height. Improvement in Step Test and AAF Test 
scores was directly correlated with loss of body weight. eae 


4, Calorie Consumption: There was a highly significant positive _ 
correlation between calorie intake for the first 3 weeks of the test and AAF | 
and AGF Test scores at the end of the period. (Table 10). Men who ate more 
tended to make faster times on the pig-a-back and shuttle runs, do more bur= 
pees and more of them finished the 4-mile march on time. These differences 

were not so evident by the last test where there had been a generat improve=- 


ment in performance. 


"PHYSICAL FITNESS SCORES MADE BY MEN CONSUMING DIFFERENT NUMBERS OF 
| CALORIES DURING THREE WEEKS PRECEDING THE TESTS ) 


Daily Calorie| .—-—- Average Physical Fitness Test Scores 
Consumption 


oa - The fundamental importance of performance is epitomized in evolutionary 
terms as "survival of the fittest". This was recognized long before sub- _ 
jective estimates or objective measures of fitness were ever systematized. 
Civilizations based on the work output of slaves or the performance of 
soldiers understood the practical aspects of physical fitness. Although 
attempts at precise measurement are modern, thousands of years ago Chinese 
folk medicine employed a breath holding and pulse counting test for longevity 
and similar methods are still employed. The Athenian stress on physique and _ 
the Spartan stress on ruggedness and endurance emphasized two aspects of. . 
ae fitness which enjoyed a place in the state religions of antiquity. Neverthe- 
= less, it has been only in recent times that an objective approach to the 
bs: problem has been provided by the development of physiology and allied sciences 


: Fitness tests have been classified as performance and non-performance (8) a 
é ess more elaborately into (1) anthropometric, (2) physical performance, 
| (3) respiratory-circulatory, (4) cardiovascular and (5) cardiovascular- 
physical performance tests (6). Using the latter classification some of the 
better known tests are considered in this section. ee 


A. Anthropometric: This method of evaluating fitness is based chiefly 
on stature, sitting height and chest measurements and ratios of weight and 
height. Although such information has been used to supplement other data, 
the Army Air Forces (9) have indicated that anthropometry may be used ex- 
_ tensively in the selection of pilots. Heath, et al. (10) consider the 
2 masculine component in the selection of officer candidates and show its 
; relation to physical fitness as judged by the Harvard Step Test. Further 
evaluation is needed hefore reliance is placed too exclusively upon 
morphology alone. 


B. Physical Performance: The first tests to be used as a gauge of ee 
general fitness were based chiefly on strength. Weight lifting and dynamom— _ 
eters for testing strength of various muscle groups are still used and are Sis 
of limited value. Calisthenic exercises have been used extensively. They | 
include the Army Air Forces Test and the Army Ground Forces Test which are 
described in detail later. The Army Air Forces Test (11, 12) was devised 
in an attempt to define and measure elements of fitness required for and 
with the Air Forces. Seven elements were considered important and a 2 
battery of 15 tests was devised to measure them. These were first reduced 
to 7 and later to 3 tests which had a correlation coefficient of 0.90 with 
the original 15 tests. In addition to the Ground Forces Test, others used 
by the Army include obstacle course runs with score based on time, and an 
endurance hike with full field pack with score based on the time rte naar in 
to niet the hike. : 


: _ Another test to measure motor fitness is the Illinois Motor Pitness | 

Screen Test (8), composed of 14 components which attempt to measure 6 elements: 

a of motor fitness: balance, flexibility, agility, strength, power, and — 
ae ance. Additional requirements include swimming ability and rating of Re 
Same physique. | | es 


wring the: ast | war eA ack entry was _inter- 
ga fi atigue in men of the Royal Air Force. 

sts, 5 nee based on respiratory function. The 4 most used were 
ath-holding test, vital capacity, expiratory force test and persistence 
test in which the mercury in a manometer was kept at half the height obtai 
during the expiratory force test for as many seconds as possible without | 
breathing. The behavior of the pulse during this period was noted. The 
Flack-Woodham Index of fitness of young and adolescent boys was a develop— 
ment directed toward an estimate of physical fitness. 


F-W Index of Fitness - Px x Per x Br 
rer = 300 x (age in Years) 1.807 
hk 


where Pr = Max. expiratory force in mm. of Hg. 


Per 


Time in seconds of breath hold in the persistence test. 
‘Br = The time in seconds of the breath holding pig 


re. Cripps (uy) found that veitavoek. of the respiratory test even oe os 
highly selected group were so great that fixing a normal standard was Ene a8 
sible, papas Ne 


1 1935, Metaey and Larson (15) introduced a test in ikea oben 
vations ang.made on diastolic pressure (sitting), breath holding 20 seconds 
after a stair climbing exercise, difference between standing pulse and’ pulse 
rate 2 minutes after exercise, standing pulse rate and vital capacity. «The 
amount of: exercise is determined from a table of age and weight. des is 
ate from, these tables. | 


ei wancilar: In 1904 Crampton presented his "Blood Piosix: Test". 
The ue of the test was revised in 1913 (16) and 1920. The test is 
based on the concept that with poor physical condition there is a lack of 
vasomotor control and vascular tonicity with resulting blood ptosis and a 
drop in systolic pressure. Good physical condition causes a compensation — 
and the blood pressure rises. Pulse rates rise in the unfit and remain the 3 
same or rise only slightly in the fit. The two elements considered are 
"an increase in systolic blood pressure which connotes efficiency and an = 
increase in pulse rate which connotes deficiency". Original ranges were _ 
found to be $10 to -10 for changes of systolic blood pressure, and 0 to 444 
for pulse increase. "Upon a statistical balancing of these two series of 
frequencies, the assigning equal percentages to equal ranges, a scale was . 
constructed for evaluation". In 1920 this was extended (17) to give values 
for increases in heart rate as high as 80/min. and systolic blood pressure 
‘variations of 50 mm. Hg. 


Meylan, (18) in 1913, judged efficiency by the following: (a) weight, 
color of skin, and general appearance such as firm vigorous muscles, (b) | 

, pulse rate in the horizontal and vertical positions, (c) systolic blood 

ie pressure in the horizontal and vertical positions, and (d) heart reaction | 

after hopping 100 feet. 


Bae aet | 


Pe 
, eh aaa 
a 


etly 15 seconds ata "rate of 180 steps per minute, and 45 seconds after — 
_ cessation of the exercise. si 


f Pe 1917, Barringer (oy introduced a test based on the vasiiey rise" | 
of systolic blood pressure following exercise. He believed that a delayed 
rise represented an overtaxing of the reserve power of the heart and was 
associated with a prolonged fall toward the normal resting level. Increasing 
amounts of work were given the subject at widely separated intervals until ee 
a "delayed rise" was elicited. 


Sewall (21) later showed that a weakened patient may not have a _ 
systolic drop as indicated by Crampton, but a rise of diastolic pressure and 
a small pulse pressure. He employed these as measures of fitness. 7 


Schneider, (22, 23) in 1920 and 1923, introduced a test which has ~ 
been used extensively to estimate fitness of pilots. He considered that 
previous cardiovascular tests were not comprehensive enough. He developed 
a test which weighs data from 6 sets of observations: pulse rate during 
recumbency, pulse rate increase on standing, exercise pulse rate, and de- 
cline in pulse rate following exercise, resting systolic blood pressure, and 
systolic blood pressure upon standing. 3 


Turner, (24) in 1927, used a test based on the adaptability of the 
circulation to quiet standing in one position for 15 minutes and changes in 
position. A graded scale derived from reclining heart rate, standing heart 
rate, general course of the heart rate during prolonged standing and the | 
changes in systolic, diastolic, and pulse pressure while standing was 


employed. 


In 1931, McCloy (25) introduced a cardiovascular test involving only 
the diastolic blood pressure and heart rate in a quiet standing position. _ 
The formula for scoring is (.89 S.D.P.) - (S.P.R.) +16. Ratings above zero 
indicate a satisfactory state of health. 


Graybiel and McFarland, (26) in 1941, considered the use of the tilt 
table in a test scored on the Goole af (a) fainting, (b) the maximal fall in i 
systolic blood pressure below that of the reclining level and (c) the eer com 
pulse pressure while in the tilted position. | 


In 1943, Starr-(27) introduced a modified cardiovascular test based eee 
on pulse and blood pressure in recumbent and erect position, using ballisto-- 
cardiographic data. The average change in heart rate was $18 and change in 
blood pressure was + 5 mm. Hg. From this he developed the following formula: 


a = mean pressure change —- 5 
b = 8 = pulse rate change 
Index - a ¢b 


) and | In these tests the oo 
ject is given work severe enough to tax the cardiovascular system. They h 
_ their origin in laboratories where work could be measured accurately by the 
- bicycle ergometer or treadmill and cost determined by 05 consumption, sa) 
ee and pulse rate. 


In 1942, the eae Fatigue Laboratory standardized a treadmill 
test which was later adapted as a pack test (28) for out-of-doors by providin, 
work equal to that of the treadmill test. The subject stepped up on a l6-inc 
box 30 times a minute for 5 minutes while carrying a pack of approximately 1/3 
his body weight on this back. Hand grips at shoulder level were provided. Sas 
This was further simplified as the Step Test without pack.. 


The Navy or Behnke Step Test described in 1943 is similar in type 
but more complicated because it is eeenee into 2 parts and requires several | 
pulse counts. e 


Specific gravity has been ae by Behnke (6, 7) to separate ae 
and unfit men especially when they are snails Technical difficulties pre- 
cluded its wide use at present 


Rifle firing has been tried as a measure of performance of infantry-_ 
men (1) but has several faults as an objective test. 


In Table 11 the 4 tests discussed in this report have been oralaatet” 
or each of the factors listed as important in an improved test. Arbitrary 
_ ratings range from satisfactory to absent. No test comes near fulfilling 
all the qualifications of an ideal test. ; ; 


A. Neither step test taxes many components of fitness. The AAF Test 
taxes a number while the AGF Test taxes a large number of the components of | 
fitness. It appears that more components can be tested only by a ie 
the complexity of actual number of separate parts of a test. i 


B. Although both the Harvard and the Navy Step Test and the AAF Test. 
involve a fairly high energy output they do so only for certain aspects of 
muscular exercise and thus cannot tax all components on a high energy level. 
The Step Tests evaluate high energy output for a few minutes only and the 
AAF Test does not really tax the performer. Even the AGF Test is unsatis— 
factory because several of its components do not require a high energy 
output. 


C. The 5-minute limit of the Harvard Step Test can be completed by 
about 85% of men in good physical condition and beyond this dividing line 
further separation is lost as far as endurance is concerned. The Navy 
Step Test has a separate endurance phase though the scoring system reduces 
its value. The AAF Test does not measure endurance except over very short 
periods in the pull-ups and chins. In the AGF Test, endurance is measured 
fairly well by the 4-mile march after the 5 earlier test components. 

 D, Similarity of stress cannot be achieved where size, shape and 
aptitude influence performance; therefore, any test in which these factors 
are important loses some of its accuracy. - Since, however, certain aspects 
_ of physique may be considered as elements of fitness, a test which may be © 
_ influenced disproportionately by a physical characteristic fails to differ- 
entiate physique from physiologic status. A high score may be obtained by 
a tall, moderately fit man or a short, very fat one. Tasks which require 
special skills or coordination have a reduced value in any study where 
tests are repeated, for a learning curve may obscure true improvement. 
Thus, in evaluating fitness from test scores, it is important to know 
whether any peculiar physical trait exists. Scoring systems could intro- 
duce a correction for the effects of physique upon scores. Reasonably 
Similar stress occurs in men walking, running and performing customary tasks, 
Thus the step tests are based on a somewhat artificial situation whereas _ | 
at least some of the components of the other tests are significantly affect- 
ed by size. | 


EE. The effects of environment on fitness tests have not been studied 
systematically. It was found that an increase in altitude from 6000 feet 
to 9000 feet produced striking decreases in the Harvard Step Test and AAF 
Test scores. Such decreases in score gave only a poor indication of the 
distress produced by exercise and the relatively poor post—exercise condi- 
tion of the subjects. Of course heat, rain, terrain and clothing may all 
exert a profound but as yet not measured effect upon performance. Unless 


ee 
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An Ideal Test of Physical 
Fitness Should: 


. Test chief components 
of fitness 


2. Tax each component on 
' high energy level 


3,.Measure endurance 


4. Put reasonably similar 
-. stress on all 


se 


5, Show little environ- 
‘mental effect 


6. Consider physiologic 


cost 


- 


7. Consider post~exercise 
condition 


Be independent of 
motivation 


, Be reproducible 
Be simple to conduct 
Be simple to evaluate 


Have normal distribution 
: of scores 


Have improving scores 
with improving fitness 


Have small learning” 
-- component 


a provided for by the scoring systems. 


pao tia changes outside the control of the lursabtgnter which are not 


F, Pvcislepic cost is-not even considered in the AAF and AGF Teste. 
It is considered only in terms of pulse rate in the step tests, but even 
this limited observation greatly increases the value of the test. It has 
been noted that performance in terms of endurance has most weight in the 
final score. The utility of blood pressure measurements is probably limited 
but an investigation of respiration and ventilation, even if only a count 
oor respiratory rate, should be investigated. 


G. No test takes into consideration the state of the subject after 
the test though it is obvious that a man who completes a task and collapses 
is not as fit as one who does the same task and remains in good condition. » 


H, No test is independent of motivation. In some tests it may: actually 
dominate performance, Serres. 


I. If a fitness test is not reproducible within reasonable limits it 
has little value in helping to judge fitriess. Errors in procedure, faults 
of the scoring system, the presence of a large learning component in per=— 
formance, acquired skill or ability to "beat the test" and variations of | 
environmental factors influence work and efficiency. It is not rare that 
mere reproducibility signifies a fault in the scoring system as in the 
hemile march of the final AGF Test where more than 99% of the subjects 
finished on time although there was a wide scatter of times. No separation 
was made of these men although obviously there were readily appreciated 
differences among them. It may be argued with propriety that lack of repro- 
ducibility may simply indicate true change in fitness. In the absence of 
any final criterion of evaluation of fitness and lack of a quantitative 
measure of fitness in the aggregate it remains a matter of judgment as to 
whether varying scores indicate a fault of the test or a change in fitness. 


J. In order that large numbers of ‘men may be processed as rapidly and 
easily as possible, simplicity is one of the chief goals in fitness testing. 
It becomes a question of where oversimplification destroys the significance 
of a test. Since there is no final standard against which to judge,. this 
can be decided only by the subjective evaluation of fitness. 


Other factors remaining constant, the more elements there are in 


a test or battery of tests, the more likely it is to be a significant measure’> 


of true fitness. Information at hand does not allow a decision as to the 
precise point on the scale from simplicity to complexity where the most 
information can be gained for the least effort. There is more danger from 
oversimplification than from over complexity and the reductio ab absurdum of 
trying to learn almost “qvory thing ae doing almost nothing is approached in 
some tests. 


rae seme 


nd the obaipany officers' ratings of fitness. 


L. Only the Harvard Step Test approaches a binomial or normal dis- 
tribution of scores; the others all show asymmetry, skewing or bimodality, _ 
This is frequently a fault of the scoring system rather than the test itself 
but in sit-ups and push-ups the limit of improvement in score before fitneés 
ee nae reached a peak partly defeats the purpose of the tests. : 


M. All tests seem bs have improving scores with improving fitness 
though whether this is a parallel change cannot be stated. 


N. The learning component is presumably small in any exercise which ‘ 
is usual in everyday life. Thus walking or running require little if any | 
learning while sit-ups, pull-ups, chins, and burpees are calisthenic exer- 
-cises in which learning may.effect score improvement regardless of changes 
in actual condition. A learning phase in the sit-up test weakens its value _ 
considerably. The ingenuity used to “beat the score" and at the same — =u 
avoid extra effort is important but can hardly be measured. ae 


O. A hypothetical treadmill test could be devised to satisfy: most oe 
the esiderats except for = in Epparevas and conduct of the sere 


Bee ee gethode actually used in administrating the various tests are . 
given in detail because slight variations may affect the score. None of the 
tests is definitive and changes in directions and scoring systems are still 
being made by the proponents of some tests. 


A, Harvard Fatigue Laboratory Step Test: 


1. Stepping boxes 20 inches in height were prepared. The sub- 
jects lined up in front of the boxes, stripped to their underwear and socks © 
or bare feet. 


2. <A pendulum, consisting of a weight on a string 39 inches in 
length, hung from an improvised scaffold, indicated the required rhythm. | 


3. At the signal "start" the e aneat placed one foot on the box, 
taper up placing the other foot on the box, straightened the legs and back, 
and immediately stepped down. At exactly 2-second intervals, the signal, 
"Up §" was given by the observer. The rhythm was maintained by giving the 
count "Up—2-3-4, Up—2-3-i,". Some subjects responded better to a tap on the 
back or arm at the required "stepping up" time, while others maintained _ 
satisfactory cadence by watching the pendulum. The same foot was used to 
initiate stepping up and stepping down. The subject was instructed to 
"lead off" with the same foot each time, although one or two changes during 
the test were permitted. The swinging: of the arms was allowed, but the | 
ne of the hands against the thighs was forbidden. pa 


he The "time" began. when the subject started a OREN: If the 
subject fell behind the rhythm for 20 seconds without it being regained, he | 
was stopped. No men were allowed to cenLinus for more than 5 as a, ee Se 
was recorded by a stop watch. 


5. Upon the termination of exercise the subject was inmedistely 
seated and time was counted, eee 


6. The pulse er Mes was obanted from 1 minute to 1 mimiGe 30 seconds 
ee completion of exercise. ‘ fonr 


7. ‘The duration of effort and the number of heart beats during 
the 30-second interval were recorded. 


8. The score was read from a chart. (Table 12). 


-B. Army Air Forces' Test: The AAF Test is composed of 3 elements: 

The sit-up, the pull-up or chin and the shuttle-run. The test subjects wore 
regulation field uniform and combat shoes throughout the entire test. The 
_ jacket was kept on if a 2-piece uniform was used. y2 ghee} 


ee Sit-Up: The subject began the test lying supine on the . 
ground with hands placed behind head. He sat up, then extended his arms to 
touch toes with hands, keeping his knees straight and then resumed supine 
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‘TABLE 12 
SCORING OF STEP TEST 


30" 59" 


| eC aagoogmae 


Find appropriate ‘line for duration of effort; then find the appropriate column 
for pulse count; read off the score where the line and column intersect. 


Below 50 = Poor general physical fitness 
50 - 80 - Average general physical fitness 
Above 80 - Good general physical fitness 


counterweight 1 “The kos was not allowed to 

: 1f up. He og ie eddie olind hie Mead until erect and did 
not rest between sit-ups. Sit-ups were repeated as frequently as possible, 
but not more than 114 times. The number of complete sit-ups was Pe abt 


2. Pull-Up or Chin-Up: The subject grasped the bar with the oalns 
facing inward and hung free with the arms fully extended. He then began the. 
exercise by pulling himself down so that arms were fully extended. This was 
repeated as many times as possible. No kicking or swinging was permitted. 
The number of complete pull-ups was recorded. There was no time limit. 
Incomplete pull-ups were not counted. 


3. Shuttle Run (300 yards): Two poles were set up in level ground 
60 yards apart, the timer at one pole, the subject at the other. At the 
starting signal, the timer started his watch or noted the time if no stop 
watch was available, and the subject started his run. The poles were 3. 
rounded but not touched. Five lengths of 60 yards constituted the test run. . 
The time in seconds was recorded, fractions of seconds being converted to 
the next full second. 


4. Scoring: The score is computed from Table 13. 


C. Army Ground Forces' Test: This test is a battery of 6 different | 
tests: the push-up, the 300-yard run, the burpee, the 75—yard pig-a-back, 
the 70-yard zigzag and the 4-mile march. | 


Subjects went from one event to another without pause until the © 
-mile march, before which they had a half hour rest. Events were run in 
the order listed. Men wore field uniforms and combat boots throughout the 
entire test. During the 4-mile march men carried field equipment weighing 
30 pounds. (See Table 14 for scoring.) 


1. -Push-Up: From the leaning rest position, the arms were bent > 
at the elbow until chin and chest were near the ground with the body right. | 
The body was raised by straightening the arms. The exercise was repeated as 
many times as possible. There was no cadence or time limit. Push-ups | 
accomplished by bending or rocking body were not counted. The number of: — 
push-ups was. recorded. 


Pate Three-Hundred-Yard Run: The run was 150 yards around a marker 
and return to the starting line. Time was recorded in seconds, raising 
fractions of seconds to the next full second. is 


3. Burpee: Fram position of attention subject bent to squatting 
position. The hands were placed on ground inside knees and at the same 
time legs were extended straight to the rear, the squatting position was 
resumed and then the position of attention. The exercise was repeated as 
many times as possible in 20 seconds. The number of complete burpees was 
recorded. 7 


pais: 4. Seventy-Five-Yard Pig-a-Back: Subjects carried men of approx- _ 
ictal their own weight. Men who fell down were allowed to repeat. Time 
in seconds was recorded, raising fractions to next full second. 


ue yet ro +e 
plied Sid hei) 7 


TABLE 15 
SCORING OF ARMY AIR FORCES TEST 
Sum Fina 
of Fitness 
Scores Rating 


Tas ‘ut ions The appropriate numbers are totaled and the fina 
n ng is read from the last columm. In the number of sit- 
oreo or responding number on he score ech 


‘TABLE 14 | 
SCORING OF THE ARMY GROUND FORCES TEST 


Push-Ups 3% for each push-up 


300-Yard Run 45 seconds or under, score 100%. 
Deduct 4% for each second (or 2 
fraction) over 45 seconds. 


Burpee 9% for each complete burpee | z 


75-Yard Pig-a-back 20 seconds or under, score 100%. 
Deduct 4% for each second (or 2 
fraction) over 20 seconds. 


70-Yard Zigzag 30 seconds or under, score 100%3 
Deduct 4% for each second (or i 
fraction) over 30 seconds. 


6. 4-Mile March For straggling during lst mile, 
deduct 8%; during 2nd mile 62; 

3rd mile 4%; 4th mile 2%. At 
finish deduct 5% for each minute 
(or fraction) over 50 minutes up 
to 5 minutes. Failing to finish 
score, zero. Penalties for any Zz 
straggling are additive and are 
added to penalty for failure to 
finish on time. Straggling shall 
be construed as more than ] minute 
late at each mile marker except at 
finish where men must be on time, 


. The score achieved on each event is multiplied by its weighting factor _ 
ete to give the weighted score for event. The weighted scores are added, divided © 
: by 10 (the sum of the weighting factors) to give the final score for the Army 
| Ground Forces Test. a 


4 Assessment of Fitness, rating from final score: 


Below 70 ‘Unsatisfactory ; > 
oan ae ey _ Satisfactory : 
cae oa 78 -— 87 Very satisfactory 

. 88 - 9L Excellent : 


Rt RS a el 


94 or over Superior 


ae y-Yard age 
yards, et 10 vas: ran 10 yards, jumped 10 yards and ran 10 yard oe 
At the end of each run, except the last two, the subject "hit the ground". 
The jumps were five feet from center to center of the islands which were 
2 feet in diameter. Six jumps, landing on both feet and keeping feet 
.together, were required to cross the 10~yard interval. Direction of course © 
changed 45 degrees each 10 yards, alternating right and left turns. Sub-_ 
jects did not dive when "hitting the ground" but crawled and crept the full > 
10 yards. Time was recorded in seconds, raising fractions to next full 
second. oe 


6. Four-Mile March: As each group completed the first 5 components, 
it assembled with full field equipment and marched over a 4-mile measured . 
course. Times were recorded for each mile of the courses as well as the 
total time, if more than 50 minutes. oe 


D. Navy Step Test or Behnke Test: This test consists of two elements: 
a short period of exercise to elicit pulse rate response and a sustained 
period of moderate exercise to measure muscular endurance. Equipment com- 
prised a box exactly 18 inches in height, a stop watch and a pendulum. The 
subject wore shorts or underwear, without shoes. : 


1. Heart Rate Response to Moderate Exercise: 


a, the sitting pulse rate was taken after the subject had been 
seated ee for 2 or 3 minutes, at least twice to be certain that it was ~_ 
approximately stable. | 


. be The subject then stood and placed one foot on the step, 
maintained it there throughout the test. 


c. Ona signal from the observer, the subject stepped up and 
down in time with the pendulum 20 times in 30 seconds.. The subject stepped 
precisely with the signal and straightened the knee of the lifted leg as the 
other foot was placed firmly on the box. At the completion of 20 step-—ups 
the subject sat down. | ee 


d. The pulse from 5 seconds to 20 seconds after completion ¢ of 
exercise was converted to rate per minute. The pulse was again recorded Gi 
from 2 minutes, to 2 minutes 15 seconds following Dh as and converted tO. ie 
rate per minnte. 


2. Endurance Time and Post-Exercise Heart Rates. 


The endurance run began 15 seconds after last pulse reading or 
2 minutes 30 seconds after previous exercise. The subject continued the . 
standard exercise until a sharp break in rhythm or exhaustion occurred. Time 
was recorded to the nearest second. - 


3. Scoring. The score is determined in accordance with directions 
given in Table 15. 


es 


NAVY OR BEHNKE TEST 
The est is evaluated in terms of two components, the cardiovascular score 
and the endurance time. | 

The Sidiodabeular score is calculated by means of the following equati 


OP e338 <0) 43. (c = A), 


sitting pulse rate per minute 


Where A - 
B = pulse rate per minute immediately after exercise = 
(5 sec. to 20 sec.) 2 
and C = recovery pulse per minute (120 sec. to 135 sec. count 


Also, when A is 70 or less, it is considered to be 70 and 


when (c ~ A) is 1, or less, the expression 3 (C - A) is nee 
considered to be 0. 


Interpretation of the result and values: 


Cardiovascular 
Score : Rating 
Above 74 Poor 
51 - 7h Fair 
2 Share: & Good 


The “endurance time is considered to be directly proportional to the oie 
physical training of the individual. Interpretation of the endurance time’ _ 
values: 


Below 60 sec. | Poor 
60 = 120 sec. Fair a 
Above. 120 sec. _ Good : 


. 
ig 


The physical condition as evaluated by these tests is expressed as an 
index: 


Step Index = Endurance Time See 
Cardiovascular Score 


gee In this equation, if the cardiovascular score is 50 or less, it is 
ss considered to be 50. An arbitrary set of standards for rating fitness is 
_ given below: 


Step Index Rating 
Below &. ’ Poor 
B= nae Fair 
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ABSTRACT 


AN APPARATUS AND METHOD FOR THE CONTINUOUS MEASUREMENT OF EVAPORATIVE 
WATER LCSS FROM HUMAN SUBJECTS 


« . 


OBJECT 


The evaporation of water from the skin and lung surfaces is an impor- 
tant factor in the thermal balance of man. Methods formerly employed for 
the determination of evaporative rate gave only average values for relative- 
ly long intervals of time and, hence, could not be used to detect rapid 
changes in rate. The measurement of high sweat rates by these methods was 
also very difficult. I1t was desirable, therefore, to develop an apparatus 
and method which would record continuously the rate of evaporation of water 
from the body under a wide range of experimental conditions. 


PROCEDURES AND RESULTS 


An apparatus was developed which gave a continuous record of evapor- 
ative rate. The subject was placed in a chamber through which a steady flow 
of air at several closely controlled~ temperatures and humidities was main- 
tained by an air conditioning unit. The inlet and outlet air streams of 
the chamber were analysed for water vapor simultaneously by a special modi- 
fication of an N.D.R.C. Selective Gas Analyser, Model IV. The optical 
system of the analyser was altered so that one beam of infra-red radiation 
passed through a sample of inlet air and a parallel beam through a sample 
of outlet air. The difference in absorption of radiation caused an electri- 
cal imbalance in the receiving thermopile, and this was amplified and. - 
recorded as a continuous tracing. 

Ski 

“From this record it was possible to calculate a virtually Sanligiacesas 
evaporative rate. orsthe total evaporative loss for any portion of the run. 
The total evaporation for the entire run was first calculated using a factor 
based on the flow of air through the chamber and calibration data for the 
analyser. This was then compared with another value for evaporative loss 
determined independently from the weight change of the subject. Variations 
of as much as $15% were found between the results obtained by the two 
.methods. Since the time between weighings was great, the calculations from 
weight change were considered to be more accurate, and the factor used for 


. ¢ealculatiom of evaporative loss from the analyser record was corrected, 


therefore, so that it would yield the same value as that measured by the 
balance for the same run. The corrected factor was then used to calediate 
evaporative rates during the run. 


_ooilingd conditions. 


2. The continuous and almost instantaneous record obtained — 
more useful information than the average values for relatively long inter 
yielded by other methods. 


3. ‘The technic should‘be applicable to problems of thermal balance 0°! ; 


clothed and working men, and to the study of the physiological mechanisms 
which control the rate of water loss from the skin and lungs. 


RECOMMENDATIONS 


It is recommended that this apparatus and method be employed for hee. 
measurement of rate of evaporative water loss, particularly in situations | 
where the rate changes rapidly. 


Submitted by: 
Edward D. Palmes, lst Lt., Sn.C. 


, AN APPARATUS AND METHOD FOR THE CONTINUOUS MEASUREMENT OF EVAPORATIVE 
WATER LOSS FROM HUMAN SUBJECTS 


I. INTRODUCTION 
A. Definition of Terms 


Water will evaporate from a wet surface if the vapor pressure of 
the water is greater than that of the surrounding air. The rate at which 
this occurs, however, is not only a function of the vapor pressure gra- 
dient but also of the wetted area and the movement of air. In man, water 
is evaporated from the lungs and skin. The lung surface is completely 
wet at all times and almost completely saturates the inspired air at body 
temperature (1,2). The rate of evaporation varies, therefore, only with 
the vapor pressure of the inspired air and the air movement through the 
lungs, or ventilation rate. During periods when there is no active sweat- 
ing, evaporation from the skin proceeds at a low rate even in the presence 
of a large vapor pressure gradient and high wind movement, and it must be 
concluded, therefore, that only a small fraction of the skin acts as a 
wetted ear (3). Under these conditions the liquid is not visible or 
tangible and evaporation is termed "insensible" water loss. When there 
is active secretion of sweat, on the other hand, a larger fraction of the 
skin surface is wetted and evaporation proceeds at a higher rate. If the 
water on the skin is grossly perceptible, evaporation is termed "sensible" 
water loss. It should be noted that these terms do not distinguish perfect- 
ly between active and passive excretion of water, because under favorable 
conditions of vapor pressure and air movement, water secreted by active 
sweating will be vaporized so rapidly as to be "insensible". 


B. Importance of Problem 


The loss of water by evaporation is an important factor in the 
study of thermal balance since each gram of water vaporized at skin: temp- 
erature removes approximately 0.6 Calories of heat from the body. This 
cooling takes place whether the evaporative loss be sensible or insensible. 
From the thermal point of view, the passive loss of water in cool environ=- 
ments often falls in the class of necessary evils since its cooling effect 
is not essential to the control of body temperature. Active sweating, on 
the other hand, is critical to the maintenance of life since high rates 
of cooling must be obtained when internal heat production is great or 
environmental temperatures are high. Insensible water loss is the result 
of the diffusion or osmosis of water through the skin (4) and is, therefore, 
a purely physical phenomenon while active sweating is a true physiological 
defense mechanism. In spite of this fact, there has been a great preponder- 
ance of work done on the insensible loss of water. It is believed that the 
reason for this is that many difficulties are encountered in the measurement 
of sweat rates, and it is hoped that the apparatus and method described in 
this report will obviate some of these. 
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1. Direct Method 


The rate of evaporation of water from the skin and lung sur- 
faces has been determined by direct measurement of the water vapor liber- 
ated. Two methods have been employed for this purpose. 


a. The first of these depends on the absorption of the vapor 
in a desiccant, and measurement of the amount of water liberated by de- 
termining the weight change of the desiccant. A well known example of 
this method of measurement is found in the Atwater-Rosa~Benedict respir- 
ation calorimeter reported in 1915 by Lusk (5) and Riche and Soderstrom 
(6). The calorimeter contains a closed circuit system including a bubbler 
filled with sulfuric acid which acts as an absorbent for the water vapor 
liberated. The bubbler is removed and weighed at intervals of 20 minutes 
to one hour and an average rate of evaporative loss for these periods 
obtained. This method is not adaptable to measurement of rapid changes 
in evaporative rate, since the large number of weighings necessary would 
not be technically practical. A further difficulty is encountered when 
sweating subjects are studied; there is a tendency to saturate the air 
of the calorimeter when evaporation exceeds 35-40 gm/hr. indicating 
failure of the absorbent to remove completely this quantity of water vapor. 


b. The second method which has been used for the direct 
measurement of water vapor loss is similar in principle to the one pro=- 
posed in this report. The subject is sealed in a casket from which only 
the head protrudes; a known stream of air is passed through the casket; 
and the relative humidities of inflowing and outflowing air are determin- 
ed by hair hygrometers. Evaporation from the skin within the casket is 
calculated from the flow and the change in relative humidity of the air. 
Von Willebrand (7) in 1902 reported such an apparatus and stated that 15 
to 20 minutes were required from the time the subject was sealed in the 
casket until the outflow hygrometer reached equilibrium. The device was 
used only for measurement of insensible loss. Schwenkenbecher (8) in 1904 
used the same method and found that 20 to 30 minutes elapsed before the 
outflow hygrometer reached a stable value. The author calibrated the 
instrument by spraying water into the casket at a known rate, and reported 
maximum errors of about 8%. Unfortunately, neither the details of the 
experiment nor the calculations were given. Using the same apparatus, 
Schwenkenbecher and Inagaki (9) in 1905 measured insensible loss and some 
low sweat rates. Moog and Nauch (10) in 1921 and Schluter (11) in 1925 
used Schwenkenbecher's casket for determination of insensible water loss. 
No mention of method of calibration or calculation were contained in these 
articles. From these reports, it appears that the hair hygrometers have 
too long a response time for measurement of rapid changes in evaporative 
rate and that more data on the accuracy of the instrument are to be desired, 


2. Indirect Method 


The rate of evaporative loss has also been measured indirect- 
ly by determining the weight change of the subject. The total weight loss 


en Fes 


must be corrected for food and water ingested, urine and feces excreted 
and the excess weight of COo eliminated over O> absorbed (C05 excess). 
Sanctorius (12) in 1614 measured his own weight change when no active 
sweating was taking place and coined thie term "insensible perspiration" 
for the observed weight loss, Insensible perspiration has been measured 
extensively since Sanctorius' time, and the methods and apparatus employed 
have been well reviewed by Kuno (13). This is not a true measure of water 
loss, since no correction of the weight change for COp excess is made. 


All the necessary corrections have been applied to weight change by 
some investigators to obtain a true value for evaporative loss. At the 
Pierce Laboratory Winslow, Herrington, and Gagge (14,15,16) employed a 
scale sensitive to 2 gm for measuring evaporation from resting and working 
subjects over a wide range of environmental conditions. Weights were taken 
at intervals of 15 to 30 minutes in these studies and average evaporative 
rates were calculated. The work pattern of the subject was interrupted 
for the weighings, and due to the length of the intervals, rapid changes 
in evaporative rate could not be measured. 


Niielsen (17) in 1938 reported a method in which the subject worked 
on a bicycle ergometer suspended from the arm of a balance which was 
sensitive to 2 grams. The movement of the subject as well as his loss of 
weight produced balance deflections which were recorded on a kymograph. 
The deflections were, of course, superimposed one on the other, but it was 
possible to determine an average slope which was attributable to weight 
loss alone. The accuracy of the calculation depended on the smoothness 
with which the subject operated the ergometer and the author states that 
wind blowing on the subject also interfered with the measurements. 


The fact that air movement interferes with balance readings is a 
serious consideration when high sweat rates are to be measured. Only that 
portion of the sweat which is evaporated is useful in cooling the body, 
and application of an accurate correction for sweat which drips from the 
subject is impossible in practice. Complete evaporation of large amounts 
of sweat, on the other hand, usually requires rapid air movement. At 
this laboratory, Eichna, Ashe, Bean and Shelley (18) in 1945, Shelley, 
Eichna and Horvath (19) and Horvath and Shelley (20) in 1946 measured 
sweat rates of men working at high ambient temperatures by determining 
weight loss. To insure complete evaporation of sweat, rapid movement of 
air was maintained in the test room; but it was necessary to remove the 
subjects from the windy environment to the still air of a control room or 
a booth for weighings. Total evaporation for experiments lasting several 
hours was determined. In later work an attempt was made to measure weight 
loss of working men at shorter intervals by Eichna, et al (21). It was 
necessary to employ the weighing booth in this study also, and the work 
pattern of the subject had to be interrupted for each weighing. The dif- 
ficulty encountered in measurement of evaporative rate in these studies 
was the prime reason for the investigation described herein. 
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1. Experimental Chamber and Ventilating System 


a. Description 


The subject was enclosed in a ventilated chamber, shown 
schematically at the top of figure 1, the overall inside dimensions of 
which were 3 x 3 x 8 feet excluding the small pyramidal section on the 
right end. The box had a large door, and tubes from a respiratory meta-~ 
bolic apparatus passed through the walls. The subject reclined on a 
waterproofed netting stretched across the center of the man compartment. 


For ventilation of the box, air from outside the build- 
ing was drawn into an air conditioning unit where it was cooled and 
saturated with water vapor in a water spray tower kept at 4°C. Since the 
vapor pressure of water at this temperature is 6.1 mm.Hg., the air con- 
tained about 1% water vapor. It was then pumped through a steam=heated 
heat exchanger, where it was warmed to the desired temperature, and thence 
into the 2 inch pipe and diffusion compartment both shown at the top left 
of figure 1. The diffusion compartment comprised a six inch section of 
the box and was separated from the man compartment by a wooden grill 
(indicated by the broken line) the interstices of which were loosely 
packed with coarse hair felt. This baffle served to break up the air 
stream from the inlet pipe and thus produced a uniformly distributed flow 
into the man compartment. A variable speed fan mixed the air so that a 
representative sample would be obtained from the outlet pipe. 


b. Determination of Flow through the Box 


Air was pumped to the box by a Victor-Acme blower* which 
delivered a practically constant weight of air regardless of small fluctu- 
ations in back pressure. Flow was determined by shunting the air from the 
inlet pipe to a large spirometer (capacity 500 liters) for an accurately — 
timed interval. The volume of air in liters delivered per unit time was 
corrected to standard conditions and the value divided by 22.4 to give the 
moles of gas per unit time. These values ranged from 65.9 to- 67.7 moles 
per minute, with an average of 66.9 moles per minute. The orifice flowmeter, 
a 1.38 inch plate orifice in the 2 inch inlet pipe was used to determine 
constancy of flow and not for absolute values. The manometers were read 
each 15 minutes during the man runs, and variations in both static and dif- 
ferential heads were very small. 


* Manufactured by the Root-Connersville Blower Corp., Connersville, Indiana, 
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. Rate of Substitution of Air in the Box 


Assuming perfect mixing in the box, the rate of substitu- 
tion of inlet air for that contained in the box was expressed by the form 
ula: 


F 
log X = 70.4343 Vv t 


where X = fraction original air remaining 
F = flow into the box in moles/minute 
V = volume of box in moles 
t = time in minutes 


The volume of the box was 78 moles (100°F and 760 mm.) and 
the flow 66.9 moles. Hence, the per cent of original air remaining after 
1, 2, and 3 minutes was 42, 18,and 8 respectively. 


2. The Infra-Red Gas Analyser 
a. Background 


- An N.D.R.C. Selective Gas Analyser, Model IV, specially 
modified at this laboratory, was used for the measurement of the difference 
in concentration of water vapor in the air entering and leaving the chamber. 
The original apparatus was designed by Fastie and Pfund (22) and the final 
instrumentation was carried out at the Leeds and Northrup Company. 


The machine records continuously the concentration of 
various gases having strong absorption bands in the near infra-red region 
of the spectrum and proved very useful for the determination of air con- 
tamination by these gases since 05 and No show a negligible absorption in 
this region. A report by Fastie and Peters (23) gives a brief review of 
the applications of the apparatus to determination of air contamination by 
Co, COs and HCN. 

These workers also applied the original apparatus to the 
measurement of water vapor concentration, but were unable to obtain suffi- 
cient sensitivity. They made certain modifications in the analyser and, 
in pilot experiments, showed that the sensitivity could be greatly improv- 
ed. Due to the unavailability of the report during the time when the 
present study was in progress, the machine was modified independently at 
this laboratory along other lines and with quite different end results. 


The measuring cell assembly of the analyser is the only 
portion which will be considered in detail, since it is in this unit that 
absorption of infra-red radiation by the test gas produces an electrical 
signal which is proportional to the concentration of this gas. Other 
components of the analyser are used for amplification and recording of 
this signal. 


oe 


b. The Measuring Cell Assembly 


The construction of the measuring cell assembly is 
shown by the cross sectional drawing in figure 2A. The drawing is to 
scale and the overall height of the assembly is approximately 12 inches. 


At the top is a housing containing the infra-red source, 
an electrically heated nichrome coil (A). The radiation from this source 
passes through the intermediate parts of the optical system. The beam is 
split in the cone (H) so that one half strikes each of the sets of pina 
tions (I and I') of a differential thermopile. 


The remainder of the assembly consists of windows (B and 
C), ‘analysis cell (D), compensator (E), selectivity adjustment device (F), 
and cone (H). A top view of the selectivity adjustment device (F) is shown 
in the center of the figure so that the two blackened metal rods (G). may be 
seen. 


Window (B) is made of mica, and the remainder of the 
windows in the system are of lithium fluoride, which has a very high trans- 
mission in the near infra-red. The inner surfaces of the assembly are gold 
plated to reduce absorption of radiation by the walls. 


c. Operation 


As is shown in the figure, the optical system is symmet-~ 
rical, hence, if there is no absorbing gas in any of the parts the inten- 
sity of radiation striking each side of the thermopile is the same. If a 
particular gas having strong absorption bands in the infra-red is to be 
determined, the left side of the cone is filled with this gas. Thus,-the 
amount of radiation falling on the thermal junctions (I) is reduced. The 
right side is filled with a non-absorbing gas, such as oxygen, and essen- 
tially all the incident radiation is transmitted through this side of the 
cone to the other set of junctions (I'). The thermal unbalance produced 
by ‘the difference in absorption of the two gases produces an unbalance in 
electrical potential. While passing oxygen through the analysis cell (D), 
the system is brought back into electrical equilibrium by application of 
an external bucking potential in the thermopile circuit. When this is 
done the assembly is prepared for the actual measurement of the test gas. 
& stream of air, containing a low concentration of this gas, is allowed 
to flow through the analysis cell. The presence of the test gas will now 
markedly reduce the radiation transmitted to I', but will have virtually 
no effect on that reaching I since most of the absorbable radiation has 
already been removed by the gas in the left side of the cone. Thus the 
potential on the right side will be reduced; that on the left side will 
remain the same; but the bucking potential as originally adjusted will no 
longer balance the thermopile circuit. The degree of unbalance will vary 
according to the concentration of gas flowing through the analysis cell 
and it is this unbalance which constitutes the electrical signal that is 
subsequently amplified and recorded. 
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interference of a contaminating gas which has infra-red absorption bands 
overlapping those of the gas to be measured. The compensator is filled 
with the contaminating gas, and the portion of the radiation absorbable by 
this gas is thus removed from both sides to a large extent. If minor de- 
flections are still obtained when the contaminant is introduced into the 
analysis cell the selectivity adjustment device (F) can be reset by extend- 
ing one of the rods (G) into the beam, thus changing the spectral response 
of the thermopile. 


d. Amplifier and Recorder 


The potential difference between the two sides of the 
thermopile circuit is amplified by a D.C. chopper-type amplifier and the 
resultant signal recorded on an Esterline-Angus recording milliammeter. 
Thus, when the two sides are first balanced by adjustment of the bucking 
potential, the recorder pen will rest on the mechanical zero point of the 
meter, If subsequently there is an unequal change in the potentials 
developed by the two sides of the thermopile, a Bors rer pnts deflection 
will be produced on the recorder. 


The amplifier gain can be adjusted so that full scale 
deflections on the recorder are obtained with net potential changes of 25, 
100, or 200 microvolts in the thermopile. 


A continuous record of deflection is made on a tape 


which is moved at constant rate under the writing pen of the meter. 


e. Adaptation of the Analyser to the Measurement of 
the Goncentration of Water Vapor in Air 


It was necessary for the analyser to have a high degree 
of sensitivity to small changes in concentration of water vapor, since it 
was desirable to maintain a large flow of air through the chamber. A large 


.. flow was essential for the complete evaporation of water from the subject 
and for rapid detection of changes in evaporative rate. Specificity of the 


instrument on the other hand, was not a critical factor, since the only 
contaminant which might be eticuntered was the CO5 excreted by the man. 
The compensator (E) was filled with CO2, therefore, and even relatively 
high concentrations of this gas had no effect on the determination of 
water vapor. 


Although water vapor has strong absorption bands in the 


infra-red, it was necessary to have a high concentration in one side of the 
cone to obtain the necessary sensitivity. Preliminary tests, in which the 
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Pr cone was Pilled with Oo saturated at room temperature, showed a very low 
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sensitivity.* In order to increase the concentration of water vapor in the 
cone, it was necessary to raise the temperature of the entire measuring cell 
assembly.** The unit was, therefore, placed in % thermostated air bath at 
50°C and the cone filled with O» saturated at 48°C. On the first calibra- 
tion satisfactory sensitivity was demonstrated, but this decreased progres- 
sively on subsequent days. The decline was attributed either to leakage 
from the cone or to absorption of the confined water vapor by the windows. 
In any case, attempts to prevent the loss were unsuccessful and the assembly 
was, therefore, modified. 


- The final modification of the assembly is shown in figure 2B. 
The compensator (E) and selectivity adjustment device (F) were shifted to 
positions nearer the infra-red source (A) and a brass sleeve (J) was used 
to hold the compensator in place. The segment (D') was a brass tube divided 
into two equal compartments by a septum and sealed on both ends by lithium 
fluoride windows. The inside of the tube and the septum were gold plated, 


and two side-arms were provided for circulation of gas through each cell. 


Both sides of the cone (H) were filled with O», and this unit served only 
‘as thermal insulation*** between the circulating gases and the thermopile 
(I and I‘). 3 


When samples of the same gas were passed through each com- 
partment of the unit (D') the absorption of radiation on each side was 
equal. The bucking potential was adjusted under this condition so that a 
zero output from the thermopile circuit was obtained. Next, while main- 
taining the flow of the original gas through one compartment, a second. gas 
was passed through the other. If the absorption by this gas were different 
from that of the first, a deflection was produced on the recorder, Thus, 
one gas was always compared against another, and the difference in absorp- 
tion recorded. In this system the specificity of the original apparatus 
was lost, since any infra-red absorbing gas would be measured. When the 
apparatus was used in conjunction with the ventilated box for the measure- 
ment. of evaporative water loss, however, the only interfering gas was C02, 
and this had a negligible influence in the concentrations produced by th 
subject. 


* Fastie and Peters (23) obtained similar results, but when CaF> windows 
were substituted for those of LiF a great increase in sensitivity was 
obtained. This was attributed to greater transmission by CaF of radiation 
absorbable by water vapor. The response to water vapor reported by them was 
roughly half of that obtained at this laboratory using the finally modified 
measuring cell assembly, and no data on reproducibility were given. 


** This procedure was suggested, but not tried, by Fastie and Peters (23). 


w* In a previously tested assembly, a single continuous unit took the place 
of the segment (D!) and the cone (i). Thus the circulating gases were 
separated from the thermopile only by a thin window and a very smail air 
space at the bottom of the unit. The apparatus was found to be extremely 
sensitive to small fluctuations in the temperatures of the test gases, and was 
quite unstable. 
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1. Calibration 


a. For calibration, a water free gas was circulated through 
one compartment of the unit (D') while air of known water vapor concentra- 
tion was passed through the other. The proper degree of humidity was ob= 
tained by saturating air at a measured temperature and pressure; the water 
bath-bubbler system shown at the right side of figure 1 was used for this 
purpose. Sintered glass bubblers filled with distilled water were immersed 
in water baths whose temperatures could be closely regulated. Air was 
first pumped through a single bubbler contained in a bath kept at 50°C; 
here it was strongly humidified. It then passed through a series of three 
bubblers and a 10 foot copper coil immersed in a second bath which was. kept 
at a temperature between 2° and 17°C. The copper tube served as a trap for 
any water splashed out of the last bubbler and for the final thermal equiii- 
bration of the air with the bath. The temperature of the bath was measured 
with a mercury thermometer and that of the air leaving the tube with a 
thermocouple. Since the agreement between the two readings was very. close, 
the air could be considered saturated at the bath temperature; and, hence, 
had a known vapor pressure. Total pressure was obtained by adding the 
static head, measured by the manometer, to atmospheric pressure. Contentrae 
tion of water vapor in moles per cent could be calculated from the equation: 


Vapor pressure 


x 100 = moles per cent water vapor 

Total pressure 

If the temperature of the air were subsequently raised or 
its pressure lowered, there would be no change in composition. 


b. Dried air was tried as a reference gas in preliminary work, 
but this required the use of a desiccant whose life was necessarily limited. 
Commercial oxygen was subsequently employed, therefore, since it was a much 
more convenient and constant source of water free gas. 


c. Oxygen was continuously supplied to one analysis chamber 
by setting stopcock A of figure 1, and either oxygen or air of known water 
vapor content could be passed through the other by adjustment of stopcocks 
C and D. A flow of approximately 10 liters per minute was maintained through 
each side. While circulating oxygen through both chambers, the output from 
the thermopile circuit was adjusted to zero and the recorder registered no 
deflection. Moist air was then substituted for oxygen on one side for a 
period of 1-2 minutes, at the end of this time oxygen was again compared 
against oxygen to reestablish the base line. Sample calibration tratings 
are shown in figure 3A. Any drift in the zero value was assumed to be ‘linear 
and the deflection was measured from the interpolated base line (broken 
line of figure 3A). All of the tracings in this figure are read from right 
to left. 


d. It was found that the response of the analyser to the same 


concentration of water vapor was not constant from day to day. This is shown 
by the scatter of the points in figure 4. On a single calibration run, 
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= however, METECLAES ooteined by measuring the deflections produced by four 
é different concentrations fell very close to a straight line; the actual 


deviations are summarized in table l. 


TABLE 1 


Summary of Deviations from a Straight Line of Points 
Obtained on Single Calibrations 


Range of Deviation Number of Values aoe i 
Microvolts) In Range er Cen 


The curves obtained on 23 such calibrations are also indicated in figure 4, 
and it is seen that the slopes are fairly constant. The average slope of 
all curves was 34.8 microvolts per one per cent water vapor in the range of 
0.7 to 1.7%. Seventy-four per cent varied from the average by 5 or less 
and the extreme variations were about 20%. 


It would have been possible, by using this data, to deter- 
mine the difference in the concentrations of water vapor in the air at the 
inlet and outlet of the chamber by alternately comparing each against oxygen. 
It was much more convenient, however, to compare the two gases against each 
other directly. Hence, an experiment was undertaken to test the validity 
of this procedure. The inlet air gave a constant deflection over long periods 
when measured against oxygen and the same was true of air from the water bath- 
bubbler system when the temperature of the bath was held constant, Thus, 
the difference in deflection between the two gases was calculated when each 
wes compared against dry oxygen, and these values were plotted against others 
obtained by determining directly the deflection produced when one moist gas 
was measured against the other; the results are shown in figure 5. The line 
is the locus of points which would be in perfect agreement. The deviations 
from the line were sufficiently small that the method of comparison of the 
two gases directly was considered stall sda and was adopted for all 
experiments. 


e. During the calibration runs it was possible to ascertain 
the response time of the machine to an almost instantaneous change in-water 
vapor content of air on one side of the analysis cell. Repeated observae 
tions indicated that the response was maximum within one minute and that it 
was 95% of maximum in 15 seconds. 


2. Calculations 


ao Evaporative Rates 


The rate of evaporation occurring within the box at any 
instant could be calculated by multiplying the flow rate by the difference 
in concentration of water vapor in the inlet and outlet air. To simplify 
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CALCULATED DEFLECTION 


(1) H= Hy - Hp 
where H = rate of evaporation 
Hy = flow of water vapor from the box 


and ip = sei of water vapor to the box 


6 The flow of water vapor was a function of the totais flow 
of air and the concentration of water vapor, or 


ajo Rh, = [Fs] Fy 


where [He - mole fraction water vapor of inlet air, - 


and = Fy, = flow of air into the box, 


Similarly, 


fi] 


where [i] = mole fraction water vapor in outlet air, — 
F, = flow of air out of the box. 
Thus, 


ae we as - [Hy Fe 

© For the most rigorous treatment, the flow Fy, should be cor 
rected to Fg since only Fg is known. The difference between the two factors 

in any experiment was never greater than one per cent, hence the outlet flow 

was considered to be equal to the inlet, and equation (3) became, 


(4) = Fy [4] - [Hs] 


} It was shown in the section on calibrations that the Matec 
tion obtained was a linear function of the differences in concentrations. 
Thus equation (4) was rewritten: 


. 


(5) H Fe KD 


where D = deflection in microvolts 
and K «= difference in concentration per nicrovelt « 


Substituting | din equation (5) the values determined for Fy 
| | a Aes 8 microvolts ‘Per o water oe 


(6) Hs 66.90.01 p 
34,08 

= 0.0192 D (moles water per minute) 

- 0.346 D (gm. water per minute) 

= 20.8 D (gm. water per hour) 


de Weight of Water Evaporatea 


The quantity of water vaporized in the box during a given 
interval was determined by integration of the analyser record, ise. the area 
included between the base line and the deflection line was determined; 
Deflection was measured along the arc described by the recorder pen at each 
major inflection. Minor. inflections were ignored and the tracing was thus 
considered as a series of straight lines. Since the arcs along which de- 
flections were measured were constant, they could be considered as parallel 
straight lines. The geometric figure bounded by the tracing, the inter- 
polated base line and two adjacent arcs could be considered as a trapezoid, 
the area of which is equal to the base multiplied by the average height. 
Deflections were converted to evaporative rates and the average value be- 
tween successive readings was multiplied by the corresponding time to give 
the quantity of evaporative loss for the period. By simple addition, the 
total loss for any number of periods was obtained. A calculating machine 


was used for computing total loss for long periods, and it was possible to 


integrate the record of a- 6-8 hour run in’30-minutes or-less. 


The method of calculation was checked by evaporation’ ‘of 
enowh: eioants of water within the box. A syringe containing water was. 
weighed and placed in the box alongside a heated pan. The door was then 
closed and air passed through until a zero deflection was obtained when 
outlet was compared against inlet air. The operator then put his hand into 
a rubber glove sealed to a hole in the door and ejected the water from the 
syringe into the pan. The entire sample was evaporated and the experiment 
continued until a zero deflection was again obtained. The weight of water 
evaporated was determined by reweighing the syringe, and the analyeny | medic ob= 
tained was integrated; the results are compared in table 2. | 


TABLE 2 


Results of Experiments in which the Quantity of Water Evanopeted 4 was 
Determined by Weight Change and by Integration of the Analyser Records 


Experiment Total H50 Evaporated (grams) Calculated /wetahad 
| Weighed Calculated (Per Cent) | 


ee... 


"The recoveries showed that the method of calculation gave values in the 
proper order of magnitude, but were, nevertheless, low and variable. These 


discrepancies will be discussed in the next section. 


C. Application of Apparatus and Method to the Measurement of Evapora- 
_ tive Water Loss from Human Subjects 


1. General 


In the experiments to be reported, only the water evaporated 
from the skin was determined by means of the apparatus and method described. 
The reason for this was that it was also desirable to measure metabolism 
continuously, which made it necessary for the subject to breathe air from 
outside the box, i.e. from a metabolic apparatus. Thus, lung evaporation 
was not measured directly, but it could be calculated independently. 


Skin evaporation was also calculated by correcting weight loss 
by the subject during the entire experiment for water ingested, urine excre- 
ted, COo excess and lung evaporation. Since the tests usually lasted from 


4 to 8 hours, the value computed from weight loss was considered more accurate. 


Skin evaporation calculated by integration of the record was, therefore, cor- 


rected to that computed from weight loss by using a different sensitivity 
factor for the analyser for each experiment. This corrected factor was used 
to convert deflections obtained during the test to evaporative rates, 


2. Procedure 


Preliminary to the actual experiment, the analyser was warmed 
up, electrical adjustments made, and the amplifier gain set to its maximum 
value (25 microvolts full scale). The flow of air through the box was 
started and inlet air passed through both analysis chambers until a small 
zero drift on the recorder was obtained. The nude subject was weighed to 
15 gm., entered the box, and was connected to the metabolism apparatus. The 
door was closed and outlet compared against inlet air. This comparison 
was interrupted for one minute during each 15 minutes for the remainder of 
the test, and during these intervals, inlet air was circulated through both 
chambers of the analyser to reestablish the base line. Water ingested and 
urine excreted during the run were measured, and at the end of the experi- 
ment the subject was weighed again. 


3. Calculation of Evaporation by Integration of the Analyser Record. 


The quantity of water vaporized into the air of the box during 
the run was calculated by integration of the entire record using the factor 
20.8 gm. Ho0 per hour per microvolt deflection. 


In order to compare the results with those obtained by measur- 
ing weight loss, it was necessary to extrapolate the record to the times of 
the initial and final weighings. A true evaporative rate was not obtained 
until about three minutes after the door of the box was closed, since this 
period was required to flush room air out of the man compartment. Hence the 


: Ye} BETTS oe eignificant » was stint to calculation of evap— 
Btive los anne the period between the initial weighing and the time 
this rate was taken. Similarly, the final rate obtained before the subject 
left the box was used to calculate a like value at the end of the experi- 
ment. When the continuity of the tracing was broken for any other reason, 
an interpolated rate was obtained for the period by averaging the rates 
measured immediately before and after the interruption. The results cal- 
culated for skin evaporation (Es) are listed in column 9 of table 3. 


4. Calculation of Evaporation from Weight Loss 


Weight loss was converted to evaporative loss by correcting 
for water ingested, urine excreted and CO> excess (X). The last factor was 
calculated in the usual manner employing a simplified formula: 

X = 117.9 M (R.Q - 0.727) t 
When X = CO5 eliminated - 05 absorbed (gm/hr) 
M = Oo consumption (liters (S.T.P.)/min) 
R.Q. = respiratory quotient (assumed to te 0.84) 
t = time (hours) 


o 


Skin evaporation only was measured by the analyser, hence, a 
hapthex correction of weight loss for lung evaporation (Ey) was necessary. 
Data obtained from the metabolic apparatus made it possible to calculate 
this value from the equation: 


Ey = 0.0564 V (VP, - VP;) t 
where Ey = lung evaporation in gm/hr. 


Vz ventilation rate (liters/min) 


i)  VPp = ‘vapor pressure (mn. of sie. ) of expired air (assumed 
to be saturated at 1°C less than body temperature) 


VPI = vapor pressure (mm. of Hg.) of inspired air 
and t. = time in hours 


The results are shown in table 3. Column 5 gives the weight 
loss in gm/hr., corrections for lung evaporation and COz excess are listed 
in column 6 and 7, and the values for skin evaporation in column &. 


5. Derivation of Sensitivity Factors for Individual Experiments 


The two values for skin evaporation are compared on 4 percen- 
tile basis in column 10 of table 3. Assuming the one measured by weight 
loss to be correct, the average recovery using the proposed apparatus was 
94% and individual values varied by a maximum of about + 15% from this 
average. 
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Subject 
eso 
kate of 
Weight Loss 


A | 100.3 6 L 
k 4100.3 foe 5 L 
A | 99.1] 7.90 4 L 
B 109.8 4068 3 4 
B | 109.2] 6.68 4 5 
B | 109.9; 7.40 3 5 
c | 100.6] 4.72 6 3 
C | 99.8} 7.45 ee a 
D | 100.4} 4.62 5 4 
Dd. 99.5 sf Bs ie . 5 
D | 100.0} 8.12 6 5 
E | 81.3| 4.53 8 L 
m1 86.61 6.17 9 5 
E | 81.5| 7.15 10 | 5 
F | 89.6| 4.73 5 3 
F 89.6} 7.65 wf L 
F | 89.3] 8.80 5 d, 
@| @ho2|4.65) ie 
G | 85.8| 6.92 3 ee ee 
G41. Bis 17.88 8 i 
H | 109.3: 6.70 8 5 
H | 109.31 3.18 2 4 
I | 81.5} 5.50 8 3 
sd 84.2] 7.50 Rd 6 
I 84.01 7.97 6 3 
J} 89.8} 6.43 4 3 
J) 90.4| 7.87 h 3 
J 90.2} 7.52 3 4 


* Corrected for water ingested and urine excreted. 


#* Using average factor, 20.8 g/hr/microvolt deflection. 
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rr nt (20.8 gm. H20 per Rear per Brarevolt deflection) 
ree: ined eS feternine if consistent errors would be expected on 
gal runs. This constant was derived from the flow of air through the 
and from the average slope of the calibration curves for the analyser. 


: If the flow, assumed to be constant, were actually higher on 
certain days, the recovery on these days should have been low. As was 

stated earlier, only very small variations in the differential head register- 
ed by the orifice flowmeter were observed from day to day, and these varia-— 
tions showed no correlation with the per cent recovery. 


On the other hand, the average slope of the calibration curves 
en was derived from individual values which showed as wide percentile variations 

Bo from day to day as did the recoveries in the man runs. It was also shown 
(table 1) that deviations from a straight line of the points obtained in a 
single calibration were very small, which indicated that the ere of each 
curve was constant. 


‘2 ..Jt was believed that the same type of variation in analyser 

sensitivity was highly probable in the man runs also, and that the recovery 
for each run reflected a consistent error. Therefore, a different conver- 
sion factor was calculated for each test. The corrected factor (column 11 
of table 3) was obtained by multiplying the average factor by Eg determined 
from weight loss (column 8) and dividing by Eg computed by means of the 
average factor (column 9); this figure was then used for conversion of 
deflections to evaporative rates, and for calculation of evaporative loss 
during any portion of the experiment. 


III. DISCUSSION 


A. The results given in table 3 were obtained by application of the 

apparatus and method to the measurement of evaporative water loss in a 
problem of human thermal balance. Normal subjects and subjects with typhoid 
vaccine induced fever were studied at ambient temperatures ranging from 

() approximately 80° to 110°F. Satisfactory results were obtained during 

bi periods of insensible water loss, of profuse and highly variable sweating, 
and during violent shaking chills. No other method of measurement would 
have been applicable under all of these conditions. 


B. It was possible to measure rapid changes in evaporative rate 
since a continuous record of this rate was obtained, and not a series of 
average values for 15 or 2 minute intervals. 


C. A portion of a record demonstrating the onset of sweating follow 
ing a period of insensible loss in a febrile subject is indicated in figure 
3B. It is seen that there was a change from a rate of 50 gm/hr. to 286 
gm/hr. within a period of only two minutes. Obviously, the measurement of 
such a change in rate would not have been possible if only average losses 
for relatively long periods were determined. Figure 3C shows the same 
type of change; this curve was obtained by redrawing the original record on 
a time scale reduced to one fourth its normal value, while retaining the 
normal scale for the deflection. In this way it was possible to indicate 
a sufficient length of record to demonstrate the difference in types of 
curves obtained during a period of insensible loss and one of active sweat- 
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IV. CLUSIONS 


A. This apparatus and method described are satisfactory for the measure- 
ment of the rate of evaporative water loss from man under a wide variety of 
experimental conditions. 


B. The continuous and almost instantaneous record obtained furnishes 
more useful information than the average values for relatively long intervals 
yielded by other methods. 


C. The technic should be applicable to problems of thermal balance of 
clothed and working men, and to the study of the physiological mechanisms 
which control the rate of water loss from the skin and lungs. 


V. RECOMMENDATIONS 


It is recommended that this apparatus and method be employed for. the 
measurement of rate of evaporative water loss, particularly in situations 
where the rate changes rapidly. : 
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ABSTRACT 
AN coated MOUNTING FOR THERMOCOUPLES FOR THE MEASUREMENT OF THE 
SURFACE TEMPRRATURE OF THE BODY 
OB JZCT 


The development of thermocouples to measure accurately the 
surface temperature of the body. 


RESULTS 


Thermocouples mounted on copper window screen gave skin temperature 
readings comparable to those obtained by a radiometer. 


CONCLUSICNS 


The surface temperature of the body can be measured easily and 
with accuracy with these thermocouple assemblies. 


RECOMMENDA TIONS 


These thermocouple assemblies are recommended except where the 
greatest precision is necessary. 


Submitted by: 
Edward D. Palmes, Ist Lt., Sn 
Charles 2. Park, Capt., MC 


Lt. Colonel, MC 
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AN IMPROVSD MOUNTING FOR THERMOCOUPLES FOR THE MEASUREMENT OF THE 
SURFACE TEMPERATURE OF THE BODY 


I. INTRODUCTION 


The intensity of radiation from the skin, measured by a radiometer, 
provides the best index of the temperature of the outermost surface of 
the body. The radiometer is an accurate instrument but is technically 
difficult to employ; it requires daily calibration, the conversion of 
electrical potentials to temperature is laborious, and an observer or 
trained subject mst hold the instrument in position for each reading. 
Thermocouples, on the other hand, are technically easy to use, but are 
often inaccurate for the measurement of surface temperature because of 
the mountings vsually employed. If a naked thermal junction is used; 
readings are affected by the temperature of the ambient air, and firm 
contact between the junction and the skin is difficult to maintain. 
When the thermocouple is protected from the air by a covering, heat 
loss from the skin is impeded and the readings are too high. The 
deviation in surface temperature measurements by thermocouple and 
radiometer is generally 1 degree C. to 3 degrees C. (1). 


II. EXPERIMENTAL 


A. Apparatus 


‘It proved possible to develop a thermocouple mounting which 
allowed surface temperature to be determined with much greater accuracy 
than by those previously employed. This mounting (Figure 1) was made 
on a 1 x 3 in. rectangle of copper window screen (16 mesh, wire diameter 
0.01 in.). Copper-constantan thermocouple leads were used, and kinking 
was prevented by plastic spaghetti. Double cloth insulation was re- 
tained to the point where the wires passed under the screen and single 
cloth and lacquer insulation were continued up to the junction itself. 
The insulated portion of the wire was lashed to the screen with thread. 
The naked leads were twisted together and the junction, one-half inch 
in length, was soldered to the under side of the screen as indicated. 
The screen remained quite flexible except for the ends, which were 
dipped in soft solder to provide firm connections for metal buttons. 
Adjustable bands of elastic cloth were snapped to these buttons and 
held the mounting firmly against the skin. 


Be Results 


Surface temperature measurements using these assemblies were 
compared with readings obtained by radiometer in four different environ- 
ments. Thermocouples were fastened to the belly, chest, and thichs of 
nude subjects and temperatures on adjacent skin areas were determined 
simultaneously by both methods. The results are shown in Figure 2. 

The broken lines on each side of the central diagonal show the limits 
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FIGURE 2 | 
COMPARISON OF SIMULTANEOUS THERMOCOUPLE AND RADIOMETER 
MEASUREMENTS OF SURFACE TEMPERATURES 
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of variations of 41 degree C between the readings and enclose 95% 
of all measurements. Thermocouple and radiometric determinations in 
ee a were then averaged separately and the values compared 
Table 3 i 


TABLE 1 


Comparison of Thermocouple and Radiometer Readings 


a 


ir Temp. | Number of Avg. Surface Temp. °C Difference 
7 re) 


C Values . C 


ITI. DISCUSSION 


It was apparent that the room temperature still had some effect 
on the thermocouple readings since these were higher than radiometric 
measurements in hot environments. 


IV. CONCLUSIONS 


i ) 

eo These assemblies proved satisfactory in many studies of long 
duration. They were easily constructed and quite strong. A large 
number of mountings could be attached to a subject rapidly and easily, 
and they always remained firmly in place despite heavy sweating and 
muscular movement. 


V. RECOMMENDATIONS 


These thermocouple assemblies are recommended except where the 
greatest precision is necessary. 


VI. BIBLIOGRAPHY 
1. Hardy, J. D.: J. Clin. Investigation 13:605, 1934 
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ABSTRACT 
A METHOD OF HUMAN CALORIVETRY 
OBIECT 
To develop an improved method of human calorimetry. 
RESULTS 


The subject was observed in a small chamber. An air conditioning 
unit supplied a constant flow of air through this chamber at closely 
controlled temperatures and humidities, Air movement within the chamber 
was regulated by a fan. 


Evaporation was determined by use of an infra-red gas analyzer (12). 
Metabolic heat production was caleulated from the rate of oxygen consump- 
tion, measured continuously by a closed circuit apparatus, Radiative 
transfer was calculated from the average wall and skin temperatures which 
were measured by specially designed thermocouple assemblies- (13). The 
change in heat content for the entire experiment was determined from 
changes in the rectal and mean skin temperatures. This value was substituted 
in the thermal equation, C # AH/t - (M 4H #R), to obtain an average rate 
of convection. This rate of convection was partitioned over short intervals 
according to the difference between air and mean skin temperatures. The 
short interval values of convection were then substituted in the thermal 
equation to give short interval values for 4H, 


CONCLUSIONS 
The particular advantages of this method are: 


1. Each component of the thermal balance can be determined either 
continuously or at short intervals. 


2. Rapidly changing and high rates of evaporation and metabolism can 
be determined without difficulty. 


3. The method can be applied to a wide variety of experimental con- 
ditions. 


RECO DATIONS 


It is recommended that this method, or portions thereof, be considered 
by agencies planning to undertake problems of human calorimetry. 


Submitted by: 
Edward D, Palmes, lst Lt. 5Sn.C. ae & 
Charles R, Park, Capt. M.C, VA LAY. 


FREDERICK J. KY 
Lt. Col., M.C. 
Commanding 


I. INTRODUCTION 
A. Previous Methods 


The two best known methods of human calorimetry are respiration 
calorimetry (1,2,3) and partitional calorimetry (4,5). The former is the 
more accurate, but the latter can be applied to a mich wider variety of 
experimental conditions (6,7,8,9,10,11). In both methods evaporation 
and metabolism are determined at relatively long intervals, making it 
impossible to measure rapid changes in thermal balance. 


B, Method to be Described 


The method to be described minimizes these difficulties by use 
of a new apparatus for the continuous measurement of evaporation (12) 
new thermocouple assemblies for the measurement of skin temperatures (13), 
a simple experimental chamber, a modified closed circuit metabolic appara- 
tus, and a modified method of calculation of results. 


II, EXPERDMENTAL | 
A. Apparatus and Methods 
1. Experimental Chamber 
ae Description 


The experimental chamber (Fig. 1) consisted of a heavy 
wooden frame, 8 x 3 x 3 feet, supporting double walls of thin plastic sheet- 
ing. The subject lay inside on a waterproofed netting, and was observed 
through the transparent walls of the chamber door. He breathed into a 
mouthpiece connected to rubber tubes, and these passed through the walls 
to a metabolic apparatus outside. Leads from a potentiometer entered the 
chamber and terminated in mltiple contact plugs for the attachment of 
thermocouple assemblies. 


A constant flow of air was maintained through the 
chamber, and an even distribution of the stream was ensured by a thick 
baffle of hair felt just beyond the air inlet. 


The experimental chamber was placed in a large, air- 
‘conditioned room, 


b. Control of Environment 


The temperature and humidity of the entering air were 
closely regulated by a Carrier air conditioner. This unit delivered about 
60 cubie feet a minute and, since the volume of the chamber was only 70 
cubic feet, the replacement of air was rapid. A fan at the foot of the 
chamber, when operating at low speed, merely mixed the air at the outlet; 
conditions inside were those of a well ventilated but not windy room. 
Greater wind movement could be obtained at higher fan speeds. 
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The room and chamber were conditioned to approximately 
the same temperature, and the thermal lagging of the chamber made the 
internal environment independent of small fluctuations in external temper- 
ature. The internal environment was not always uniform, however, because 
air currents of varying temperature and vapor pressure were produced by 
convection and evaporation from the subject's body. 


2. Determination of Evaporation 


Evaporation was determined continuously and nearly instan- 
taneously by means of an infra-red gas analyzer (12) described elsewhere. 


3. Determination of Metabolism 


Metabolic heat production was measured by an apparatus (Fig. 2) 
which recorded oxygen consumption, respiratory pattern, and pulmonary venti- 
lation. This apparatus differed in several respects from those previously 
described (14,15,16). 


Air leaving the spirometer was saturated at the prevailing 
spirometer temperature when this was below 90°F.; at higher temperatures, 
saturation was incomplete but the air was unpleasant to breathe, A water= 
jacketed heat exchanger was used for cooling and the cooled air was always 
eaturated, 


A kymograph with smoked paper was used for all recordings. 
A clock marked a time scale in minutes and the respiratory pattern was 
traced directly by the movement of the spirometer counterbalance. Pulmonary 
ventilation was recorded in units of 170 liters by an electrically wired 
ventilometer (17), and the replacement of oxygen in units of 3 liters by 
the wet test meter. 


4, Measurement of Temperatures 


Copper=constantan thermal junctions, calibrated against a 
radiometer (18,19,20), were used for all temperature measurements. Voltage 
readings were taken with a Leeds and Northrup type K potentiometer. 


a. Air Temperature 


Air temperature was measured at 4 positions inside the 
chamber, and at the inlet and outlet. Random fluctuations, due to thermal 
currents produced by the subject, occurred at all points except the inlet 
and it was not possible, therefore, to develop a satisfactory weighting 
formula for the average air temperature. The best index of this average 
was the temperature of the inlet air, and this was used for the calculation 
of convection. 


b. Wall Temperature 
The temperatures of the inside surfaces of the chamber 


were measured at 4 points by thermocouples fastened firmly to the long 
walls above and below the subject, and by thermocouples in the air near the 
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end walls. The measurements agreed satisfactorily with simltaneous 
readings by a radiometer. The average surface temperature was obtained 
from a formula in which the long walls were weighted 4 times as heavily 
as the small end walls. 


c. Skin Temperature 
New thermocouple assemblies (13) developed during this 
study were used to measure the surface temperature of the skin. The read- 
ings were found to be accurate when checked by a radiometer, Ten assem= 
blies were used and the reading of each was weighted according to the area 
of skin represented by its position on the body (21). The weighted values 
(Table 1) were added to give the mean skin temperature. 
TABLE 1 


POSITION AND WEIGHTING FACTORS FOR SKIN THERMOCOUPLES 


Chest 0.08 
Back 0,08 
Belly 0.09 
Right Thigh 0.12 
Left Thigh 0.13 
Forearm 0.14 
Calf 0.15 
Dorsum of Hand 0.06 
Dorsum of Foot 0,05 
Forehead 0,10 
Number of Couples: 10 Total 1.0 


d. Rectal Temperature 


Rectal temperature was measured by an inlying thermo- 
couple, mounted inside a thin-walled silver capsule, 1 em. in diameter and 
lL, om. in length,* Four thermal junctions, wired in parallel, were cemented 
around the inside wall of the capsule near the distal end. This assembly 
gave accurate readings and had a very short response time. It was inserted 
at least 7 cm. (22). 


* We are grateful to Dr, S. M. Horvath and Mr. D, Little for the design 


and construction of this mounting. 


About 45 minutes were required to stabilize the temperatures and 
humidities of the environments inside and outside the chamber. During 
this time the thermocouples were attached to the subject's skin. At the 
start of the experiment proper, the subject was weighed, entered the 
chamber, and began breathing into the metabolic apparatus. 


Significant readings could not be obtained for 5 to 10 minutes 
because of the time necessary for clearance of room air from the chamber 
and for stabilization of the altered inside environment. Evaporation was 
measured continuously; metabolism was recorded by units of 3 liters of 
oxygen; and a complete series of rectal, skin, wall, and air temperatures 
was taken at 15 minute intervals, 


Water was supplied at body temperature through a rubber tube lead- 


into the box and, when urination was necessary, the box was opened and the 
experiment interrupted for a few minutes, The quantity and temperature of 
fluids ingested or excreted were measured, 


At the end of the experiment, the subject was weighed immediately. 


For the conduct of an experiment three operators were desirable, 
One of these recorded all temperatures and regulated the environmental 
conditions; the second operated the equipment for measuring evaporation; 
and the third observed the subject and controlled the metabolic apparatus. 


C. Calculation of Thermal Balance 
1. General 


An imbalance between the rates of gain and loss of heat by 
the body produces a change in body heat content, the magnitude of which 
depends on the degree of imbalance and the time for which it persists. 
This relationship can be stated in the form of the equation: 


AH= (M4+C4R48) t, 


change in heat content of the body (Cal) 
metabolism (Cal/hr) 

convection (Cal/hr) 

radiation (Cal/hr) | 

evaporation (Cal/hr) 

time (hr) 


where 4 


etHmwoar = 


When heat flows into the body through any channel the rate is 
considered positive, and when heat flows out of the body it is considered 
negative, 


Two other factors in rates of heat transfer could be added to 


this equation: (1) conduction; (2) ingestion or excretion of matter. These 


were negligible in this method. 
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The principles by which the individual components of the 
ae were calculated have been reported from the Russell Sage Insti- 
— — the Pierce Laboratory (5,7,25,26, 27 528) and elsewhere 

9,10,12 


2. Primary Calculations 
a. Metabolism (M) 


Metabolic heat production was calculated from the rate 
of oxygen consumption, recorded by units of 3 liters of moist gas, using 
an arbitrary R.Q. value of 0.84 (29). 


b. Evaporation (E) 


Evaporation from the lungs was calculated from the vapor 
pressure difference between inspired and expired air and ventilation rate; 
evaporation from the skin was determined from the difference in water 
vapor concentration at the chamber inlet and outlet and the flow of sir 
through the chamber (13), 


c. Changes in Heat Content (AH) 


The change in body heat content for the entire experiment 
was calculated from the change in average body temperature, which was com 
puted from the changes in rectal (deep eipoust and mean skin (peripheral 
tissue) temperatures. The formila used was developed by Burton (30) and 
modified by Hardy and DuBois (31). The change in rectal temperature was 
weighted 4 times as heavily as the change in mean skin temperature. 


The change in average body temperature, multiplied by the 
mass and specific heat of the body, gave the change in heat content. The 
specific heat was considered to be 0.83 (30) and the mass was the average 
of the initial and final balance weights. 


d. Radiation (R) 


Radiation was calculated by the principles outlined by 
Hardy and DuBois (21). The details of the calculations are contained in an 
earlier report from this laboratory (9). The radiation profile of the nude 
subject in the supine position was taken as 0.8 of his total surface area, 


e. Pulmonary Convection 
Pulmonary convection was calculated from the temperature 
difference between inspired and expired air, ventilation rate, and the 
specific heat of air (approximately 0.0003 Cal/liter). This value was so 
small that it could be neglected generally, otherwise it was added to the 
value for skin convection, 
3. Secondary Calculations 


a. Convection (C) 


Average convection for the entire experiment was computed 
by substituting the results of the primary calculations in the thermal 
equation and solving for C: 


Ow Mae - (M+R 48) 


The value of 4 H was subject to error because the changes 
in rectal and mean skin temperatures were imperfect indices of the change 


in average body temperature. When t was large, the expression oH became 


small, and the intrinsic error in 4H had a negligible effect on the value 
of ©, This was not the case, however, when | was small, and it was neces- 
sary to adopt another method of computing C for short intervals. 


This calculation was based on the principle that the rate 
of convective heat exchange was proportional to the 3quare root of the 
wind velocity and the difference between the air and mean skin temperatures 
(10,26). Since wind velocity was constant, convection was a function of 
the temperature gradient only. Average convection calculated from the 
thermal equation, was divided by the average gradient for the whole experi- 
ment, and a coefficient was obtained expressing the rate of heat transfer 
in Cal/hr/°C. Convection over a short period was then computed by multiply- 
ing this coefficient by the temperature difference for the interval. 


b. Change in Heat Content (4H) 


H for short intervals was then obtained by substituting 
the short-term value of convection in the thermal equation. 


4. Practical Considerations 


About 4 man-hours were required for the analysis of 1 hour of 
data collection. 
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The method was used in 27 experiments in which the thermal balance, 
of reclining normal or febrile subjects, was determined in studies lasting 
6 to 8 hours. Test environments ranged in temperature from 27 to 43°C. 
with a vapor pressure of about 7 mm. Hg and a wind movement of 15 feet per 
minute. The results of these experiments will be reported separately (32). 
Pilot experiments were conducted on clothed and working men. 


III, DISCUSSION 


The reliability of the method rested fundamentally on the primary 
determination of M,R,E and 4H. Only a small error was introduced into 
the calculation of metabolic heat production by failure to determine an R,.Q. 
value. 


The reliability of the method for measuring evaporation has been 
discussed previously (12). 


An error was incurred in the primary short-term calculation of A H. 
These values lagged behind those yielded by secondary calculation during 
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times of large and rapid change. The primary short-term calculations 
were obviously incorrect since these values, substituted in the thermal 
equation, yielded highly inconsistent and sometimes absurd results for 
convection. Hence, the primary calqulation of 4H was applied only to 
long periods of time in which rapid changes in temperature had no effect. 


Several errors present in the measurement of radiation were due 
chiefly to imperfect temperature measurements and failure to account for 
changes in the radiation profile. 


The accuracy with which average convection could be determined 
depended on the long-term measurements of the primary factors. The least 
reliable of these was radiation and, in the final evaluation of the method, 
the partition of C and R was the least satisfactory procedure. Analysis 
of all runs suggested that an overall error of 10-15 per cent might occur 
but this was not generally a serious drawback, since © and R were parallel 
functions. In partitioning convection over short intervals, another error 
was superposed due to the fact that the effective wind velocity was altered 
when the pattern of muscular activity was changed. 


The short=term calculation of 4 H also reflected the errors due to 


changes in effective wind velocity, but it was not affected by errors in 


the basic partition of C and R, since it was calculated from the sum of 
these components. 


IV. CONCLUSIONS 


The particular advantages of this method are: 


A. ach component of the thermal balance can be determined either 
continuously or at short intervals. 


B, kapidly changing and high rates of evaporation and metabolism 
ean be determined without difficulty. 


C. The method can be applied to a wide variety of experimental 
conditions, 


V. RECOMMENDATIONS 


It is recommended that this method, or portions thereof, be considered 
by agencies planning to undertake problems of human calorimetry. 
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ABSTRACT 


THERMAL REGULATION DURING EARLY ACCLIMATIZATION TO ‘WORK 
IN A HOT DRY ENVIRONMENT 


OBJECT 


To determine the changes in thermal regulation of early acclimatiza- 
tion to a hot, dry environment. 


RESULTS AND CONCLUSIONS 


Calorimetric measurements and clinical observations during early 
acclimatization were made on three men working at a metabolic rate of 
180 Cals/m2/nr in a very hot, dry environment. 


On beginning work in these surroundings, heat was gained at a high 
rate by metabolism, convection and radiation. Deep and peripheral tissue 
temperatures rose rapidly. The climb in skin temperature reduced the 
environmental stress, since it diminished the thermal gradient for con- 
vection and radiation. At the same time, however, the internal gradient 
for the outflow of heat from the deep tissues was narrowed and the deep 
temperature rose excessively despite a greatly elevated peripheral blood 
flow. The heavy load on the circulation probably accounted for many of 
the symptoms of the unacclimatized state. 


The principal thermal adjustment of acclimatization was the develop- 
ment of a higher rate of sweat secretion, The added cooling by evapora~ 
tion lowered the skin temperature and improved the internal thermal gra= 
dient. Heat outflow from the deep tissues was increased and a reduction 
in peripheral flow was possible. Signs of circulatory stress diminished 
greatly. The heat content of the body after acclimatization remained 
high, but the heat was absorbed in the peripheral tissues and the critical 
deep tissue temperature was maintained at a nearly normal value, 


RECOMMENDATIONS 


None. 
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THERMAL REGULATION DURING EARLY ACCLIMATIZATION TO WORK 
IN A HOT DRY ENVIRONMENT 


I, INTRODUCTION 


A, Acclimatization 


When man works for the first time in a very hot environment his 
body temperature rises to an abnormally high level. This is associated 
with psychomotor, gastro-intestinal, and circulatory disturbances which 
often prevent effective work’ and may lead to, heat exhaustion. On repeat— 
ing the work in the same hot environment on successive days, he becomes 
acclimatized (1,2,3,4,5)3 that is, he develops protective mechanisms which 
allow him to control his temperature at a level compatible with satis= 
factory physiological function, and to work nearly as easily in the heat 
as in the cool. 


By and S$ zi ature during Work 


The experiments of Nielsen (6) demonstrate that if work is carried 
out at a constant metabolic rate, the rectal temperature during a period 
of 40-50 minutes rises to a plateau value, the height of which is propor- 
tional to the metabolic rate and independent of the environmental condi- 
tions unless these are extreme. It appears, therefore, that the elevated 
rectal temperature of work is under physiological control and is not the 
result of inability to dissipate the increased metabolic heat because, if 
this were the case, the temperature would be lower in cool environments 
where heat loss can be accomplished much more easily. Nielsen noted that. 
this control cannot be maintained in very hot environments and abnormally 
high temperatures are reached. The skin temperature, on the other hand, 
is always influenced by the thermal nature of the surroundings and is 
normally higher in hot environments (6,7). 


at C t and Ther 


Changes in the rectal temperature can be used as rough indices of 
changes in the average temperature of the deep tissues of the body (8), 
and variations in the mean skin temperature indicate in similar fashion the 
variations in temperature or heat content of the peripheral tissues. Burton 
and Hardy and DuBois (8,9) have developed empirical formulas in which meas~ 
urements of the rectal and mean skin temperatures are combined to indicate 
the change in the average temperature or heat content of the body as a 
whole. A change in heat content can also be determined by the method of par= 
titional calorimetry, developed by Winslow, Herrington, and Gagge (10,11). 
The rates of production and transfer of heat from man to his environment 
are measured separately in each channel of flow, and are added algebraical~ 
ly to give the net rate of gain or 10ss of heat by the body. When the net 
rate is mltiplied by time the change in heat content is obtained: 


4 ody = (net rate)(time) =M4+E4C HR (time) 
where M # the rate of metabolic heat production 
E = the rate of evaporative heat loss 
C = the rate of heat transfer by convection to the surrounding air 
R = the rate of heat exchange with the environment by radiation 


nf 


By combining these calorimetric procedures it is possible to ob= 
tain a rough measure of thermal flow from the deep tissues to the surface 
by direct tissue conduction and by transport in the blood stream (12). 
From the last, the volume of the "peripheral" blood flow can be estimated. 


These relationships were investigated in men working in the heat 
to determine if possible the meehanisms preventing the excessive rise in 
body temperature as acclimatization developed. 


IT, EXPERTUENTAL 


Ae A atus an 
1. General Design of the Experiment 


The temperatures and thermal flows of 3 subjects were deter- 
mined during 1 hour of work on 10 successive days in the heat, a period 
long enough for the early changes of acclimatization to occur (2,4). The 
test hour of work was divided into five 12 minute intervals in each of 
which measurements were made. 


2. The Environment 
A hot, dry (desert) type of environment was chosen for study 
in which the air and radiation temperatures of the walls were Fe, the 
wet bulb temperature 80°F., and the wind velocity 450 feet per minute. 


These conditions imposed a large convective and radiative heat load on the 
subject, and the evaporation of sweat was rapid, 


3. Subjects and Schedules 
The physical characteristics of the soldiers who served as 
subjects appear in Table 1. These men were brought into good physical 
condition by long daily marches during a preliminary period of 23 days. 
TABLE 1 


PHYSICAL CHARACTERISTICS OF SUBJECTS 


Age Height Weight S. A. 

yrs. cms. Kg. Me 
18 1.87 
20 dat a 61.9 1.73 
mo 


Subject 


178 68.5 
179 729 1.91 


In the last 9 days of this time they practiced treadmill walking and other 
phases of the routine followed subsequently in the heat. During the final 
5 days, measurements were made under the same conditions of work as in the 
heat, but in a cool, windy environment with air and radiant temperatures 
of 78°F. and a wet bulb temperature of 60°F. 


Average 


2 


On each of the 10 "hot days" which followed, the men were ex- 
posed to high environmental temperatures for a total of 7 hours. Measure- 
ments were always made in the first, or test hour, and the men then rested 
until the last 2 hours when they again worked at a metabolic rate of 
approximately 180 Cals/m</nr. When not in the test environment, the sub- 
jects lived in a laboratory room conditioned to 78°F. 


Further control data were collected in the original cool 
environment in the 2 days which followed the period of heat exposure. 


All determinations were made with the subject in the nude ex— 
cept for shoes and socks. 


Base line measurements of skin temperature, rectal temperature, 
and pulse rate were made in a cool, still air environment of 78°F. just 
before the start of every test hour. 


4. The Test Hour 


Calorimetric determinations were made in a wind tunnel placed 
in the center of a laboratory room. The floor of the tunnel consisted of 
a treadmill on which the subject walked, facing the air stream, at 2.5 
miles per hour up a 2.5% grade. In each test hour, there were five 10 min- 
ute periods of marching separated by 2 minute intervals in which the man 
stepped off the mill and seated himself on a balance in a wind shielded 
booth. The wind velocity and the temperatures of the air, tunnel walls, 
and skin were measured during each marching period. The metabolic rate 
was measured throughout the lst, 2nd, and 5th periods. The weight and 
rectal temperature were determined in each 2 minute interval in the booth. 


The pulse rate was counted during each working period, and 
blood pressure measurements on a tilt table were made at the finish of the 
hour. Water at body temperature and salted to 0.1% was drunk during each 
interval in the weighing booth in an amount approximately equal to the 
quantity lost by sweating. 


5. Methods of Measurement 
a. Environment 


Dry and wet bulb temperatures of the air were measured by 
mercury thermometers in motor driven psychrometers. Air movement was de- 
termined by a hot wire anemometer and an Alnor velometer. The radiant temp 
erature was obtained by averaging the readings of a radiometer pointed at 
the 6 presenting wall surfaces. 


b. Body Temperature 


Rectal temperature was measured by clinical rectal ther- 
mometers. The temperature of the skin was determined radiometrically at 
6 points and each reading was weighted according to the area of skin repre- 
sented (Hardy and DuBois 13,14,15) and summed to give the mean skin temp~ 
erature (Table 2). 


TABLE 2 
WEIGHTING FACTORS FOR THE DETERMINATION OF THE MEAN SKIN TEMPERATURE 


Forearm Palm Thigh 


e. Oxygen Consumption 


Expired air was collected ‘in a Tissot gasometer and dupli- 
cate samples were analyzed for COp and O>. 


d. Weight Change 
A beam balance sensitive to 4 g. was used. 
e.. Pulse Rate 
This was determined by palpation, 
B, Calculations 
1. Calculation of the-changes in body heat content 


a. The change in heat heat content of the body was calculated 
from the specific heat and the changes in the rectal and mean skin temper- 
atures (8,9). 


He otal 19 Cals. = (0.67 aT °C. + 0.33 AT °C.) (Wit.in Kg.) (0.83) 


b. This was roughly partitioned into changes in the heat content 
of the deep and peripheral tissues: 


4Hieep in Cals. = (0.67 “T,) (Wt. in Kg.) (0.83) 


AH eripheral in Cals. = (0.33 4T,) (it. in Kg.) (0.83) 
2. Calculation of Heat Flow 


a. Metabolism (M) was calculated from the oxygen consumption 
using the caloric equivalent of oxygen at the measured R.Q., and ss 
for external work. 


b. Evaporation (E) was calculated from the water loss by the 
skin and lungs in a given time, and the latent heat of vaporization of 
water (0.576 Cal/g), Water loss was measured by weight change, corrected 
for water ingestion and the excess of CO, excreted over Oo consumed $ 


E in Cals/hr ~ (0.576 Cals/g) (iit... ) 
t in hr.) 


4 


ce. Convection and radiation were calculated as the sum of 
both factors, ( C 4 R): 


Because wind velocity in this experiment was constant, 
convection varied only with the difference between the air and mean skin 
temperature: 


C= K(T, - T,) 


The radiating surface area and emissivities of the man and 
his surroundings were assumed to be constant, therefore radiation varied 
only with the difference between the 4th powers of the absolute values of 
wall and mean skin temperature (1): 


R= kK, (a = re) 


When .the lst power difference was substituted for the 4th 
power difference in this last relationship only a small error was intro- 
duced, since measurements were confined to a narrow range of temperatures. 
As air and wall temperatures were always the same, © and R were considered 
functions of the same temperature difference, 


Convection and radiation were first calculated for all 
experimental periods in which there was no change in rectal and skin temp- 
eratures. Under these circumstances, there was no change in heat content, 
and the algebraic sum of all heat flows equalled gero: 


M+E4C4R20 


This equation could be solved for © +R, since M and E 
had been already determined. A large number of coefficients for C #R 
transfer per degree of temperature difference between the air and skin was 
then calculated: 
C +R in Cals/hr 
Ke +R in Cals/hr/°C OS Siar eee 
The average of these values was 18 Cals/hr/°C, 


Using this coefficient, C + R was then calculated for all 
periods according to the difference between the air and mean skin temper- 
ature, regardless of any change in heat content: 


C #R in Cals/hr = (18)(T, - T,) 


d. In certain cases C # R was partitioned roughly by making 
an independent calculation of R, using the method described by Hardy and 
DuBois (14). 


e. The thermal flows were summed and the overall, or net rate 
of gain or loss of heat to the body was determined, Heat gains were con— 
sidered positive and heat losses negative. The net rate was miltiplied by 
the time and a second value for the change in body heat content was ob- 
tained: 

AH in Cals/hr - (UM $+ E 4C 4$R) (t) 


2 


sf Se a ee "sr ee 


a ee ee ee ~ ea a See Se ee ee ae eS ro ee ae eee ek aT a) a 1 ey eee ee we 


3. Calculation of the "peripheral" blood flow 


Peripheral blood flow was calculated by the method of Hardy 
and Soderstrom (12), using the equation: 


Mi oH 


t 
so eT ed 
tT -T, 


where P F » "peripheral" blood flow in liters/m@/hr (equivalent 
to Cals/m*/hr/°C) 


and Kog = conductivity of peripheral tissue in Cals/m~/nr/°C 


4. General 


All calculations were made for each subject individually 
but, as the trend of results was similar for all men after corrections for 
differences in surface area, the results were combined into average values. 


C. Results 
1. Clinical Observations 


During the 10 days in the hot environment, the characteristic 
sequence of reactions of early acclimatization appeared in all 3 subjects 
(1,2,3,4,5). On the lst day the men completed the test hour with great 
difficulty, and all complained of great fatigue, dizziness, and a sense of 
oppressive heat. There was marked flushing of the face, the gait became 
unsteady, and 2 of the men developed orthostatic hypotension with syncope 
shortly after stopping work, On the 2nd day, these symptoms and signs were 
less marked and by the 4th and 5th days had nearly disappeared. On the 10th 
day the men worked easily, and there was nothing in their appearance to 
suggest any strain not incurred by the same work in the cool, 


The pulse rate climbed progressively on the lst day to reach 
an average value at the end of the hour of 160 beats per minute (Fig.l, 
top panel). In the ensuing 4 days, the rate dropped markedly, showing a 
definite tendency to reach plateau values. On the 10th day, the pulse 
rate rose only to 125, but this was 15 beats per minute higher than the rate 
in the cool, and evidenced that some additional stress on the circulatory 
system still remained. 


2. Rectal and Mean Skin Temperatures 


The rectal temperature in the cool environment rose rapidly 
at’ first but levelled off in the last periods of each hour of work (Fig. 1, 
2nd panel). The final temperatures reached were nearly the same from day 
to day and established roughly the normal plateau value of deep temperature 
of 37.8 C, for the grade of work being carried out. 


The rectal temperature on the lst day in the heat, on the other 
hand, rose rapidly and continuously to 39°C. (102,2°F.), exceeding the nor= 
mal value by 1.2°C., and it probably would have climbed higher had the work 
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Fig. 1, The Heart Rate, Rectal and Mean Skin Temperature and Peripheral 
Blood Flow during Work in the Cool and during Acclimatization te the Same 
Work in Severe Heat. 


_ In the upper three panels the solid lines connect the base line 
determinations taken at rest in a cool environment (large points) with 
the five readings (small points) taken in the course of the test hour on 
each day. ‘The broken lines connect the final readings from day to day. 
In the 4th panel, the values are averages for the entire hour. 


periods been extended. On the 2nd day, this rise was considerably less 
and became progressively lower on each of the following days, until, on the 
10th day, the final reading obtained was 38°C, (100.4°F.). This was only 
0.2°C. above the average value established in the cool. In the last days 

in the hot environment, a tendency for the temperature to level off at a 2% 
plateau value was quite distinct and the readings on the 9th and 10th days 
were very nearly the same, suggesting that any further fall in temperature 
would be slight. It was clear, therefore, that as acclimatization progress= 
ed the excessive rise in deep temperature had been largely prevented and, 
after 10 days in the heat, thermal regulation had improved sufficiently to 
control this temperature to near normal levels. 


The skin temperature in the cool environment fell sharply be- 
low the base line readings as the subject began work in the wind tunnel 
(Fig. 1, 3rd panel). After the initial drop, the values remained fairly 
stable in the remainder of each test hour at an average figure for all cool 
days of 30.5°C. This was roughly 7°C, below the average deep temperature, 
and established a large gradient for the outflow of heat from the deep tise 
sues to the surface of the body. 


The mean skin temperature in the first few minutes of work on 
the lst day in the heat rose precipitously above the base line level to the 
very high value of eee (99.5°F.), and subsequently in the course of the 
hour it climbed slightly higher (Fig. 1, 3rd panel). In the following days, 
the initial spike remained high but by the 3rd day, a definite tendency 
appeared for the temperature to fall thereafter, and this fall was pronounced 
by the 10th day. The overall drop in the final skin temperature during the 
10 days was sligh greater than the parallel fall in final rectal temper— 
ature (broken lines) and thus improved the internal thermal gradient for 
heat flow to the skin. In the lst hour in the heat, for example, the average 
difference between deep and skin temperature was only 0.8°C., a difference 
so small that heat did not move in sufficient quantity to the surface of the 
body, and the deep temperature rose excessively. By the last day, this 
gradient was 1.3°C., still a very small value, but nevertheless a signifi- 
cant increase, 


3. Peripheral Blood Flow 


The peripheral blood flow (Fig. 1, bottom panel) was very near= 
ly the same in all cool days. On the lst hot day, a sevenfold increase to 
a very high value occurred. The flow diminished markedly as acclimatization 
progressed, but remained far above the level in the cool, 


4. Changes in Heat Content 


In the cool environment there was an average loss in body heat 
content of 22 Cals/m. This was due to a large drop in the peripheral temp- 
erature which outweighed the rise in deep temperature. In all days in the 
heat, on the other hand, there was a big gain in heat content since both the 
rectal and skin temperatures rose above the base line readings. On the lst 
day this was 71 Cals/m2 but, in the following days, the gain became progres- 
sively smaller until by the 10th day it was only 35 Cals mn, an amount still 
57 Cals/m@ above the final values reached in the cool. 


When the changes in heat content for the hot and cool days 
were partitioned between the deep and peripheral tissues an interesting 
relationship appeared, Deep heat content in the cool environment rose on 
the average 10 Cals/m2. In the hot environment on the lst day the deep 
heat content rose 35 Cals/m*, but by the 10th day it rose only 12 Cals/m< 
or 2 Cals/m2 above the level in the cool. The total difference of 57 Cals/m 2 
between the final total heat content in the heat and in the cool was almost 
entirely (97%) explained by a change in heat content of the peripheral tis- 


sues only. 


These changes in temperature, blood flow, and heat content, 
which had been accompanied by parallel and marked improvement in clinical 
symptoms and signs, were due to physiological adjustments which accelerated 
the rates of heat transfer from the man to his environment. 


5. Thermal Balance 


The rates of gain and loss of heat in the cool and hot environ= 
ments have been charted day by day in Figure 2A. In the cool, metabolism 
was the only channel of heat gain; evaporation, radiation and convection 
were routes of heat loss. The net thermal flow, or algebraic summation of 
all rates, can be visualized by the difference in the height of the columns 
of each pair. In the cool days, generally, the rate of loss exceeded by a 
small margin the rate of heat gain, leading to a slight fall in heat content. 


The effect of the hot environment was striking. Here, heat was 
gained by metabolism at a rate nearly the same as in the cool and, in addi- 
tion, by convection and radiation which had now become very large channels 
of thermal inflow. The only remaining means for cooling was evaporation 
and although this rate increased thirteenfold, it was not sufficient to bal- 
ance the rate of gain; there remained, therefore, a large net flow into the 
body leading to the excessive rises in body heat content in the first days 
of exposure. 


The changes in thermal flows during the hot days are shown 
more clearly in Figure 2B. The rate of heat gain by metaboliag (1st panel) 
diminished uniformly but the overall fall was slight (8 Cals/m*/hr). It 
was not clear from these data whether this change was a part of the accli- 
matizing process, as was maintained in studies by Robinson et al. (2), or 
a training effect due to practice in treadmill walking. On: thé 
other hand the rate of heat gain by convection and radiation increased 
(2nd panel). The total rise of 19 Cals/m< was explained by the fall in 
skin temperature previously noted, While this change widened and improved 
the internal thermal gradient for the outflow of heat from the deep tissues, 
at the same time it widened the thermal gradient between the body surface 
and the environment. Since convection and radiation were functions of the 
skin to environmental temperature difference, the flow of heat into the 
body by these channels was increased. The net effect of alterations in 
metabolism, convection and radiation led to an overall rise in the rate of 
heat gain to the body of 11 Cals/m*/hr. 


The rate of body cooling, howeyer , rose to a greater extent. 
The total gain in evaporation was 40 Cals/m</hr, (3rd panel), with the most 
rapid changes taking place in the first 4 days, the period of time that was 
apparently of the most importance in the acclimatigzing process. The in= 


9 


-. 2 stiicaie eet PS cee 
+. ~ Mec ies t FE e 


; p oe poe a ett te 8 et Soe ee eRe Lak COTE ye * sie er = 
aR st COOL eA HOT bee COOL 
Taos DB.78°F W.B:62°F DB.123°F WB 80°F 0B 78°F 
420- ; 
400— 


380l- 


ae 
340 


320— 
300 
280! 

260 
240-— 
220-—- 
200 
180-~ L 
160= | 
140> 


KG. CALS /M2/HR 


120— 


ital | 
100;- ; 


+ 190 METABOLISM 


ie 2g 


ae Fj 
+230 = 
~360 ate EVAPORATION 
=370 : se al 


KG CAL/ u2, HR. 


OAY OF EXPOSURE TO HEAT 


FIG. 2B. 


Fig. 2A. Thermal Flows during Work in the Cool and Hot Environments. 


A. 


 The- left column of each pair show the channels and magnitude of 
thermal inflows to the reel: and the right column the thermal outflows. 
Key: M = Metabolism; ~ Convection; R — Radiation; . EB = ~ Evaporation 


as ORE yal oe 
Fig. 2B. The Changes in Thermal Flows during Acclimatization. 
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creased cooling could only be explained by a higher rate of sweat secretion. 


The sum of all changes in heat flows was a considerable de- 
crease in the net rate of heat gain to the body (bottom panel). Thus the 
lowered temperatures and heat content observed during the progress of accli- 


-matization could be explained. 


It could be demonstrated that thermal balance was restored by 
determination of the rates of heat exchange by periods within each test 
hour. In Figure 3, these rates are plotted for the hour of work on the lst 
day (solid line), and the 10th day (broken line) for 12 minute intervals. 
Metabolism was constant on the lst day but fell slightly on the lOth day 
(lst panel). Convection plus radiation, on the other hand, rose to an 
appreciably higher rate on the 10th day (2nd panel). The greatest differ- 
ence occurred in evaporation (3rd panel). Values on both days were similar 
in the first 12 minute interval, but, in the 2nd period on the 10th day, 
evaporation rose and remained a larger value during the rest of the hour. 
These changes resulted in the net flows of heat shown in the bottom panel. 
It can be seen on the lst day, that the initial high rate of gain was 
considerably reduced between 12 and 24 minutes, but the lowest value reached 
at any time was 27 Cals/m@/nr; in other words, heat flowed into the body 
throughout the hour, and body temperature and heat content were always 
rising. The situation was quite different on the 10th day. Heat flowed 
into the body at a high rate in the first 12 minutes, but thereafter the 
rate fell for practical purposes to zero. Thus, thermal imbalance existed 
only in the first part of the hour, and it was in this time interval that 
the major rises in rectal and skin temperature occurred. In the remainder 
of the hour the men were in thermal equilibrium: the rates of inflow and 
outflow were approximately equal, and heat content and body temperatures 
were stabilised. 
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Fig. 3. The Restoration of Thermal Balance during Acclimatisation. 
fhe rates of gain and loss of heat to the body are shown by 12 


minute intervals during the test hour on the let and 10th day of work in 
the heat. . 
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III. DISCUSSION ~ 


The temperature of the deep tissues, or some part of these tissues, 
is apparently critical to normal physiological function; otherwise, it 
would be difficult to explain the observations of Nielsen (6) and the 
evidence of this study that the rectal temperature is regulated to the 
same value in men working at a given rate in widely different types of 
environment. When the environment is so hot that physiological controls 


' are inadequate to maintain this temperature, severe clinical symptoms and 


signs are manifested, as noted in the first test days of this study. 


The principal thermal adaptation of acclimatization was the ability 
to secrete sweat at a more rapid rate. The total increase in evaporation 
by the lOth day was 40 Calaior: The net cooling effect was less, however, 
since the skin temperature was lowered and heat gain by C # R was greater 
by 19 Cals/m’. The lower skin temperature permitted a greater outflow of 
heat from the deep tissues, and the net cooling advantage of 21 Cals/m@ 
was adequate to ensure a nearly normal deep temperature. The heat content 
of the acclimatized man was still 57 Cale /n higher than when working in 
the cool, but only 3% of this was in the deep tissues and 97% was in the 
peripheral tissues, the absolute temperature of which is not apparently 
critical to normal physiological function. 


The ability of the peripheral tissues to take up large quantities of 
heat without leading to significant changes in the deep temperature is an 
important mechanism in thermal regulation. First, it permits the body to 
endure large imbalances in the rates of gain and loss of heat over con- 
siderable periods of time, and obviates the necessity for precise adjust- 
ments in the control of thermal flows. Rapid fluctuations in environmental 
and working conditions can be encountered without immediate changes in 
peripheral blood flow, sweating, or heat production. Second, the absorp- 
tion of heat causes the temperature of the skin to approach the environ- 
mental temperature and diminishes heat exchange by convection and radiation. 
The skin temperature in the heat, for example, rose 3°C. above the pbase line 
value reducing the heat load on the man through C +R by 54 Cals/m*/nr. 


Different levels of peripheral temperature in relationship to the deep 
temperature are possible because of changes in the peripheral blood flow. 
Thus, on the 10th day, when the peripheral temperature was high and the 
internal gradient small, a sufficient outflow of heat to the surface occur- 
red because of the large peripheral flow. A sufficient rise in flow to 
compensate for narrowing of the gradient can occur within certain limits 
only. In the unacclimatized state, the gradient was too small and, despite 
a very high flow, the normal deep temperature was exceeded, 


The requirement for a greatly elevated peripheral flow combined with 
the demand for blood to the active muscles placed a heavy load on the cir- 
Culation. This seems the most probable explanation for the severe symptoms 
of circulatory insufficiency on first exposure to the heat. 
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IV. CONCLUSIONS 


On beginning work in the test environment, heat was gained at a high 
rate by metabolism, convection and radiation. Deep and peripheral tissue 


temperatures rose rapidly. The climb in skin temperature reduced the 


environmental stress, since it diminished the thermal gradient for con= 

vection and radiation. At the same time, however, the internal gradient 
for the outflow of heat from the deep tissues was narrowed and the deep 

temperature rose excessively despite a greatly elevated peripheral blood 
flow. The heavy load on the circulation probably accounted for many of 

the symptoms of the unacclimatized state. 


The principal thermal adjustment of acclimatization was the develop- 
ment of a higher rate of sweat secretion. The added cooling. by evapora 
tion lowered the skin temperature and improved the internal thermal gra- 
dient. Heat outflow from the deep tissues was increased and a reduction 
in peripheral flow was possible. Signs of circulatory stress diminished 
greatly. The heat content of the body after acclimatization remained 
high, but the heat was absorbed in the peripheral tissues and the critical 
deep tissue temperature was maintained at a nearly normal value. 


V. RECOMMENDATIONS 


None. 
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eccatriat Relationship to Tremor and 
Reaction Time 


Test Group, Test Situation and Program 


. on 17 November 1946 the Arctic Test Branch of the Engineer ard, | 
Fort Belvoir, Virginia arrived at Fort Churchill, Manitoba, Canada fe 
six months testing of various types of engineering equipment. The unit 
_ consisted of 4 officers, 80 enlisted men, and 30 civilian specialists. 
All officers and civilians, and about half of the enlisted personnel — 
volunteered for the assignment. The test program, carried on jointly © 
with the Canadian Army, consisted of the following projects: (1) bridg- 
ing and boats; (2) camouflage; (3) demolition; (4) engine generator and _ 
flood lighting; (5) fire fighting; (6) infra-red testing; (7) motor 
_ vehicle servicing; (8) processing and packing methods; (9) road and air- 
field construction; (10) snow removal.equipment; (11) water supply. 


All personnel lived in wooden barracks heated by o4]—burnirig stoves, 
and were fed in a regular Canadian Army mess. Clothing and equipment 
were standard JU. S. Army arctic issue. All 80 U. S. Army enlisted men — 
were aiisbie as test subjects. 


A medical unit, consisting of one officer and two enlisted men, was 
_ attached to the Arctic Test Branch, The duties of this unit were: 
(1) to provide medicsl care for ail United States personnel on duty at 


-.Churehill; (2) to act as observer and consultant on medical and ee 
logical problems associated with testing of engineer equipment; (3) to 3 
carry out a program of physiological observations in the field; (3) -to- 
make general observations of problems and field expedients in the Aretic 
For medical care Fort Churchill Military Hospital was available and quite 
adequate. A building of 1200 square feet floor space was converted into - 
a field research laboratory. 


B. Characteristics of Churchill and Vicinity 


Churchill lies about half way up the west coast of Hudson Bay about 
longitude 94, latitude 59-—-approximately 500 miles south of the Arctic 
Circle, It is at the mouth of the Churchill River and is the terminus of 
the Hudson Bay Railroad (see map). The population of Churchill, consist- 
ing of whites, Indians, and Eskimos, is small and nomadic in nature. Last 
available figures give a population of 500 in 1941. The inhabitants are _ 
chiefly trappers, fur traders, or employees of the railroad or Harbor 
Board. 


Fort Churchill is located four miles south of the town of Churchill 
on bluffs overlooking Hudson Bay. The camp, consisting of about sixty 
ss semi-permanent wooden frame buildings, was erected in 1943 by the U. S._ 
oe de @ — Forces as ee oaeleretb — main —— for the SS hace Route 
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RESTRICTED 


The : area Pe eat Gmpenili is flat and is not wooded, ee aS 


11 stunted trees (chiefly white spruce) about 6 to € feet high scattered 
spa sely over the country. To the south lies the sub-arctic forest and to 
he north the barren wastelands of the true Arctic. There are many ‘small 

es and streams. The lakes can be used for small aircraft on floats in 

e summer and on skis in the winter. Dog teams are used for transportat 
- ain wenter and tractor trains have been employed successfully for some 20 
years. ‘the foreshore of the Hudson Bay is clay containing many boulders 
- with a gradual slope out to sea, There is about a l4-foot tide which uncove: 

approximately 500 to 1,000 yards of beach at low tide. In places the shore 
is sandy but these places sre few. Between July and October coastal navigs 
tion is by small boat. There is very little regular navigation in the ba 
The Hudson's Bay Company runs a supply boat two or three times per year, an 
there are some small boats belonging to trappers or traders. In winter the 
bay is frozen over. The sea-ice close to the shore is very rough due G02 5 
movement of the ice caused by the tide and wind, . 


Around Churchill itself and at some places up the west coast of dda: 
Bay there are low rocky outcrops but the average terrain is flat miskeg _ 
(tundra). This is frozen in the winter to a depth of more than 200 feet ind 
even in the summer it only thaws to a depth of 18-36 inches. It can be walk 
on with rubber boots. Around Churchill itself good gravel is available in 
darge quantities, and is used extensively for roads, streets, and building 


purposes. 


astiae data and forecasts are provided daily by a msgern,. 


“Fort Churchill Airport. Mimeographed sheets are distributed each day — 
giving the following information at six hour intervals: (1) temperature; 
as wind direction and velocity; (3) wind chill; (4) visibility; (5) rel- 
_ ative humidity; (6) precipitation; (7) bavometrte pressure readings. 
In addition daily reports of the following are given: (1) maximum temper 
ture; (2) minimum temperature; (3) total precipitation; (4) time of sul 
and sunset; (5) weather forecast, These weather reports are the source 0 
the data presented in Tables 1 and 2. Paes 


3 At Churchill the maximum temperatures vary from 22°F. in February = 
87°F. in July and the minimum temperatures vary from -57°F. in January to | 
38°F. in August. The average wind velocity is 15-20 mph from the north 
or northwest, but blizzards up to 50 mph are quite common. These high 

“winds and low temperatures serve to give Churchill one of the most severe 
“wind chill factors" in any inhabited area. ae 


Wind chill" or ary-shade atmospheric cooling, as defined by ba Paud 

A. Siple, is a measure of the quantity of heat which the atmosphere is Be 
-@apable of absorbing from one square meter exposed surface within one hour. 
it is expressed in kilogram calories per square meter per hour per degree 

C. (0.369 BTU per square foot per hour per degree F.) The original fo: 

as developed by Paul A. Siple, Ph.D. and Charles F. Passel of the United 
States Antarctic Service, was derived from a large number of experiments 
based upon the carefully measured freezing time of a cylinder of water — 
exposed in open atmospheric conditions which varied widely in temperature _ 
and wind velocity. Wind chill is of great physiological significance in 
that "it expresses the rate at which the body of a naked human being would | 
lose heat if placed out of doors under given conditions, and indicates the — 
ao cooling value of the atmosphere as a stress on the human body” 

i ) ; 


The average monthly precipitation at Churchill varies from 0.3 inch in 
January to 2,9 inches in July. The snow varies but does not average more 
than two or three feet in depth although, due to frequent high winds, deep — 
drifts are likely to occur. The average relative humidity during the winter 
varies from 90% to 95%. In spite of the high relative humidity the acisture 

- content of the air is extremely small. 


Tables 1 and 2 are summaries of weather data at Fort Churchill from 
November 1946 to March 1947. Table 3 shows the average winter weather 
_ gonditions at Churchill for the ten year period, 1936-1946. The data in 
Ee Table 3 were obtained from the Controller, Meteorological Service of ee 
st — 0. tes 315 Lewis Street, Toronto 5, Ontario, Canada. 


oriogay that Churchill offers ask tine dic ia Somii tions 


’ ar 
Generel, as follows: 


Temperature: UF, (#10°C,). £6: 32°F. (0%c.) 
Wind Chill Factor: Under 1100 kg.cal. |e /trs 


ees. Cold = 
1. Temperature: -—4°F. (-20°C.) to 14°F. (<10°C,) ~ 
2. ‘tind Chill Factor: oe Reed keecal. [easiline 


“Extreme Cold = 
1. Temperature: -,0°F, (-1,0°C.) fore. (0% 
2. ‘ind Chill Factor: 00-1800 kg.cal./sq.m./hr. 


Ultra Cold - 
1. Temperature: Under mide R= fl °C 0) 
2. Wind Chill Factor: Over 1600 kg.cal./sq.m./hr. 
= _ Thus, . on the basis. of temperature alone Churchill weather during Jan 
Ae, February is classified as extreme cold, but on addition of the facto 
of wind chill its classification becomes that of ultra cold. “Winter wea 
_ conditions at Churchill are truly Arctic, but the relatively x 


The Aretie Region is defined as "any area. of the Northern ete hae hav 
«ah average temperature of below 10°C, 9650" F,) for the warmest month anc 
average temperature of below 0°C. (32° F.) for the coldest month" (2), Th 
many areas of the Arctic Region have much warmer winters than those found 
_ ‘Ghurehill. 7 


_- References: . 


~- 1. Climatic Research Unit, 0.%1.G. Table of Wind Chill Values. 
(War Department, 1943). 


Ze war Department Th-240. Arctic Manual. (17 January 1944). 


SUMMARY OF WEATHER DATA 


FORT CHURCHILL, CANADA 


(WINTER, 1946-1947) 


MEAN TEMPERATURE: eee 


MAXIMUM TEMPERATURE! || +31.6 : 6.7|+ 18 = 424.0] — 
MEAN MAX. TEMPERATURE’ || + 9.8 id 6|- ai 


MINIMUM TEMPERATURE’ 38.8/- 35 a - 23.0 


MEAN MIN. TEMPERATURE’ ie 19.3; - 6.5] 
t , j : 


MEAN RELATIVE HUMIDITY 92% |. 94% 90 % 92%;{| 95% 


MEAN MAX. WIND VELOCITY ~ 20 20 


MEAN MAX. WIND CHILL> 1670 |1899 |1785 | 1578 


TOTAL PRECIPITATION * 0.56 


£{- ALL TEMPERATURES ARE IN DEGREES FAHRENHEIT. 

2- WIND VELOCITY VALUES ARE MILES PER HOUR. 

a WIND CHILL VALUES ARE KILOGRAM GALORIES PER SQUARE METER PER HOUR. 
4- PREGIPITATION IS SNOW EXPRESSED IN INCHES OF. WATER EQUIVALENT. 


sgh DEC. ie ice MAR. 
MINIMUM TEMPERATURE Crs = 
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1— WIND VELOCITY VALUES ARE MILES PER HOUR. 
e WIND CHILL VALUES ARE KILOGRAM CALORIES 
PER SQUARE METER PER HOUR. 
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setec’: of Actes cold upon the ee uase 
EM was issued arctic clothing and equipment 
et 2i, as follows: 


= Bag, sleeping, Arctic 
- Boots, Blucher, high top 
- Boots, mukluk 

Cap, field, pile, OD. 
Drawers, Long; wool 

- Gloves, shell, leather 
Gloves, insert, wool 
Gogrles, ski-mountain 
Jacket, field, 1943 
Jacket, field, pile 
Mittens, Arctic 


Parka, field, pile 

Parka, wet weather 

Shirt, flannel, OD 

Shoes, arctic, felt 

Shoevacs, M1944 

Socks, wool, cushion sole 

Socks, wool, siti 

Socks, felt 

Sweater, high neck, OD 

Trousers, field, wool, OD 

' Trousers, field, cotton, 
Maffler, wool, Trousers, wet weather 

Overcoat, parka type Undershirt, wool 

ere used is that specified in 4.D, TM10-275) 
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Observations were made concerning the adequacy of the above clothing 
both as to (1) warmth and protection against cold, and (2) suitability for 
the particular tasks performed. This study was eareiea out by means of 
(1) questionnaires answered by the test subjects, and (2) observations | 
personnel at work under arctic field conditions. ae 


In cooperation with Canadian Army observers a comparison was made of the 
relative merits of Canadian and American types of clothing and equipment. 
Also available was the opportunity to observe the testine of several new | 
types of cold weather clothing by Dr. A. H. Woodcock of Canadian Research 
and Development, 


‘ 


B. Procedures, Results, and Discussion 


i. Tabulation and Analysis of Clothing Questionnaires. 


in December 1946 and in February 1947 all U. S. Army enlisted person~ 
nel at Fort Churchill filled cut questionnaires giving the following ineeee 
ation: (1) Type of work performed; (2) Hours of outside exposure dai 
(3) Adequacy of clothing for subject's particular work (yes or no); (4) ere: 
best features of clothing issued; (5) Three worst features of clothing issued. 
The answers to these two sets of questionnaires have been tabulated, analyzed, 
and correlated with field observations. = 


ee range of 0=2 hours 
th outside exposure range of 3-5. pore § 


pal the group with least exposure has a total of nine ocaai aa 

- @laim their clothing to be inadequate. Almost without exception these 

_ men said their clothing was warm but unsatisfactory for the particular | 

tasks they were doing. Cooks thought they should be issued clothing 

 @ifferent from that of other personnel. Mechanics claimed their clothir 
became so filled with grease and dirt that it was no longer vane et 
worn outside, and also pointed out the great danger of loose arctic . 

- elothing catching in moving machinery. Both officers and enlisted men — 
of the Engineer Test Group at Fort Churchill were quite emphatic in their 
statement that arctic clothing designed for infantrymen is not suited fo: 
Engineer personnel. A second important observation is the favorable | 
reversal of opinion among the grcatest exposure group in February as con= 
pared to December. fhis occurred even though the mean temperature was 
lower and the wind chill greater in the month of more favorable report 
(February). There are two possible explanations: (1) the personnel may 
have “become accustomed to the cold" (acclimatization--?), more likely so 
since they had just experienced the coldest month (January); (2) sanjecter 
had learned to wear and use their clothing for maximum warmth and comfort, 
Both statements are supported by the observation that the majority of — 
subjects tend to wear less clothing after several weeks in the arctic, es 
even though weather conditions may have become more severe. oe 


The following is a summary of the replies to the two questionnaires” 
relation to the best (most liked) and worst (most disliked) features of 
arctic clothing issued to test subjects. Ni humbers indicate frequency of 
mention by eighty subjects polled in December 1946 and February 1947. | 


Best Features 


Cap, field, pile, OD--very warm, comfortable, convenient 

Jacket, field, pile--quite warm for its size and weight 

Overcoat, parka type-—warmest and best alivaround outer garment 

Boot, mukluk=—-warmest of all footwear 

Trousers, field, cotton, OD--effective as a windbreak and adds 
much warmth 

Shoepacs—best all-around footwear for general use 

Mittens, arctic—-warmest of all handwear issued 


dJorst Features 


Overcoat, parka type-—hood is not long enough and needs fur 
for face protection 
Boot, mukluk—-unsatisfactory because (1) too little traction, 
(25 no arch support, (3) will not hold shape 
Boot, Blucher, high top-are (1) very cold, (2) have insuffi- 
cient traction 
a ee Pye ian —— that use of hands is 


TABLE 4 


ADEQUACY OF CLOTHING IN RELATION TO 
WEATHER AND DEGREE OF EXPOSURE. 


: ' 


: 
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DECEMBER 
1946 || MEAN WIND CHILL = 1670 
| 
enove i | os | 2: jecen| s frsen 
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FEBRUARY | MEAN TEMPERATURE e = 34 °F 
1947 , 
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1—-HOURS EXPOSURE ARE AVERAGE HOURS OUTSIDE DAILY. 


MEAN TEMPERATURE 


MEAN WIND GHILL® = 1785 


2-WiIND CHILL VALUES ARE KILOGRAM CALORIES PER 
SQUARE METER PER HOUR. 


by hac Pp asaceins observations in the field. “Or approximately 100 case 

first and second degree frostbite observed during five months Peis Fort 
Churchill all but five involved the face or ears only. ec 
head region decreased as subjects individually altered their oe : 
_ by lengthening same and/or addition of fur. Forty-five per cent of al 
subjective complaints concerned footwear. Almost all foot complaint 
(painful arches, sore ankles, sore leg muscles) encountered by th 
Officer occurred during the first two weeks that subjects wore the n 
boot. Test subjects attributed the above symptoms te the wearing of a 
flexible footgear without arch support. Also frequently found at mor 


-_ $ick Call were minor injuries from falls on ice or snow which subjects’ 


attributed to insufficient traction of footwear. Many overcame this pri 
by sewing heavy cord in a gig-zag pattern on the soles of their MULLS « 


Fifty enlisted men wore the overcoat type parka (overcoat, parka type 
throughout the months of December and January at Fort Charendll, Canada. 
On the first of February the overcoat type was replaced by the pull-over 
type parka with fur trimmed hood (parka, field, pile). ts one month a 
subjects were polled as to their preference of the two types, and were | 
asked to list the reasons for their choice. Results of this observat 

as follows: as 


I. Subjects preferring overcoat type. parka 
1. HBasier to take off and on 
2. More comfortable 


II, Subjects preferring pull-over parka 
1. ‘iarmer of the two 
2. Better face protection 


III, Subjects having no preference L, 


The average outside exposure was slightly higher for the pull-over | 
preference group-—-, hours daily as compared to 3 hours for the overcoat — 
preference group. In general those individuals who required maximum i 
protection from the weather preferred the pull-over type parka. However, 
many of this group stated that they would prefer the overcoat type if hood 
were lengthened and trimmed with fur for better face protection. 


2. Comparison of U, S. aray and Canadian army Clothing 


A careful comparison of srectic clothing issued by the Canadian 


Army and by the U. 5S. sruy revealed few differences and little superiority | 
of one type over the other. A good index of the relative merits of the 


go the trading of american end Secastad eee aan 


Pe ta other teaeen item observed, and should be conside: 
; 41 arctic issue. The Canadian Army mkluk has several features ot 
ound dn: the U. S. Army type: (1) traction type sole, (2) built-in arch 
5243) gaan instep for more accurate fitting about the foot. 


= around the foot as | anueay as the U. S. Arny type. 


= Cc. Conclusions and Recommendations 


> 
tion of ec hee items, as follows: 


a. Alteration of parka hoods to provide better protection for the 
face, 


b. Alteration of footwear to provide ee traction when walle a 
on ice or packed SNOW 


2. the string vest, providing much additional warmth for a oe 
_inerease in bulk and weight, should be given consideration as a possible 
item of general arctic issue. = 


3. ngineer and Signal Corps personnel do not like cold weather clo 
ing designed for infantrymen. In the design of new clothing it appears — 
advisable to give consideration te certain specialized tasks in the Ar 


he ixcessive bulkiness, tendency to overheating, lack of ise con= 
trol, and low acceptability indicate that additional research in new princi-— 
pies and new designs of cold weather clothing is needed. This is particular 
ly true in relation to problems of ventilation end moisture control, as 
demonstrated by the experiments of Dr, Alan ‘Yoodcock at Fort Churchill during 
the past winter. A report by Dr. “oodcock on his observations is expected 
shortly. epee 


D. Reference 


1. var Department TMLO-275. Principles of Cold iveather Clothing and 
Equipment. (October 194i). 
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ee at a permanent arctic military installation, 

monthly food consumption, and of average weight change per man was 
$idered the best method under existing conditions. 

lated with concurrent weather conditions and amount of outside ex cposu 
test personnel. F 
= In connection with these observations data were obtained concerning t 
effect of daily vitamin supplements upon resistance to upper peepee 
infections, 


Subjects used for this mtritional study were 90 Canadian army and nm 
U. S. Army enlisted men permanently stationed at Fort Churchill, kianitoba, — 
Canada. Although observations were conducted only during the months of © 
February .and March 1947, all 161 subjects had been at Fort Churchill for at 
least two months prior to the first observation. Daily exposures ranged from 
0 to 8 hours, and activity varied from light work to heavy work. Thus, the 
picture obtained is not that of any particular exposure or activity group, — 
but one for a normal station complement at a permanent arctic installation 


B. Experimental 


1. Nutrition 


All food consumed by test personnel came from three sources: 
(1) meals served at the arny mess, (2) purchases at the local Canteen (Pos! 
Exehange) , and (3) gift packages mailed from home. No record of the latter 
is available but it “is thought insignificant in view of the extremely poor 
mail service and the absence of any holiday season during the period ot ae 
observation. 


By means of daily indents (ration receipts) and monthly inventories, 
records vere kept of all food consumed at the mess hall and purchased at — 
Canteen. ‘ecords of the number of individuals fed daily at the mess hall — 
and Sakae purchases at the Canteen were also kept in order to determine the 
average daily food consumption. per man. These data are summarized in Table 
5. the values were calculited on a consumption basis, ten per cent havin 
been deducted from mess hall values to allow for preparation and plate 
wastage. This deduction was decided upon from direct observation and reports 

of the eas Sergeant. In addition to the above the following Bie ec have 
been made in vitamin values to correct for loss in the eee process a 
thiamine 402; riboflavin 15%; niacin 20%; ascorbic acid 35% (1). 


Weight change was used as an index of adequacy of caloric intake, 
a subjects ere weighed on the first day of February, March, April and at 
day in each case. sg baapiee oad porkatee platform scales, 
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|ON CHART 


FORT CHURCHILL, CANADA 


(FEBUARY-MARCH 1947) 


CALORIES 
PROTEIN (GM.) 
FAT (GM.) 


CARBOHYDRATE (GN.) 
CALCIUM (MG.) 


PHOSPHOROUS ( MG.) 


VITAMIN A (I.U.) 6129+) 6861 


THIAMINE (MG.) 


RIBOFLAVIN (MG.) 


UVES ARE AVERAGE FOOD CONSUMPTION PER MAN PER DAY AT THE 


: Daily weather reports were obtained from the Canadian Government 
Heteorological Station at Fort Churchill Airport. lean temperature and 
mean wind chill values for February and March are given in Table 7.  Com= 
pléte weather data for these months may be found in the section on weather’ 
(p.4). Hach test subject submitted a personal record of the number of hours 
of outside exposure daily during the two month observation period. 


es 2. Vitamin Supplements 


Z Observations were made as to the value of supplementary vitamins. in 
increasing resistance to upper respiratory infections. Approximately one 
half (45 EM) of the U, S. Army personnel were placed on’a daily vitamin sup= 
plement throughout the months of Februar; and idarch. This supplement was in 
the form of a single pill given at the evening meal, and containing the fol= 
lowing vitamins: thiamine chloride 3 mg.; riboflavin 3° mg.; pyridoxine 
hydrochloride 1.5 mg.3 pantothenic acid 5 mg.3 nicotinamide 25 mg.3 ascorbic 
acid 75 mg.; vitamin A, 10,000 1.U.; vitamin D, 1,000 I, JU. 


— The control group of 40 EM were compared with the vitamin test group 
as foliows: daily sick call and monthly physical examinations for relative 
incidence of upper respiratory infection, gingivitis, glossitis, or cheilosis. 
Placebos were not given to the control group. 


C, Results and Discussion 
~ I~ Nutrition 


Nutrition at Fort Churchill during February and March 1947 compares 
favorably with the recommendations of the National Researeh Council (19/5) 
for very active personnel (see Table 6). Failure to meet recommended levels 
is found only in the case of thiamine and riboflavin where there is a defi- 
ciency cf about 12% in each case. 


Comparing the data for February and March (see Table 7), it will be 
noted that the averege outside exposure for each month is three hours daily. 
The duties and therefore the activities of the test personnel remained 
essentially the same throughout the period of observation. Thus, with expo= 
sure and activity remaining constant, difference in weight gain in February 
and larch is due to two factors——caloric consumption and environmental 
temperature. For example, February with 140 calories less food consumpt.on 
daily and 15 degrees lower environmental temperature shows an averare weight 
gain of 0.1 pounds per man as compared to 0.7 pounds per man for March. The 
average gain of 0.1 pound during February is barely adequate for normal 
growth and development of personnel whose average ave is 22 ycars. ‘eight 
gain during March is more than adequate. These observations indicate that 
the pation scale for a station complement at a permanent arctic installation 
should provide a minimum caloric intake of approximately 4500 calories per man 
per day throughout the winter months. 


2. Vitamin Supplements 


Comparison of the vitamin test group with the control group reveals 
no objective findings to support the use of supplementary vitamins to in- 
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TABLE 6 


- COMPARISON OF NUTRITION AT FORT CHURCHILL , CANAD/ 
WITH NATIONAL RESEARCH COUNCIL RECOMMENDATION | 


NATIONAL RESEARCH 
COUNCIL (1945) _ 


FORT CHURCHILL, 


CANADA 


FEBRUARY | MARCH VERY |MODERATELY| 
1947 1947 ACTIVE ACTIVE 
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ASCORBIG ACID 


i- VITAMIN A EXPRESSED iN I.U. (INTERNATIONAL UNITS) 


—- ALL OTHER VALUES ARE MILLIGRAMS. 


gg eek 


CORRELATION OF NUTRITION, WEATHER, 
EXPOSURE, AND WEIGHT CHANGE. 


FEBRUARY 
1947 


NUTRITION (DAILY) — 

TOTAL CALORIES 

PROTEIN (GM.) 

FAT (GM.) 

CARBOHYDRATE (GM.) 
WEATHER DATA — 

MEAN TEMPERATURE (°F) —14.0 

MEAN WIND CHILL’ 1785 1578 
DAILY EXPOSURE (HRS.) 3.0 
WEIGHT CHANGE — 

SUBJECTS 


WEIGHT GAIN (LBS.) 


—4-WIND CHILL VALUES ARE KILOGRAM CALORIES PER SQUARE 
METER PER HOUR. 


U er other asl ene of ee Keeton, TGtenell, 3 
cemrptige (2) who concluded that "the ability es men to withstand | 


Sasi 


De De Bapetonicas ahd Recsemendaticas 


i. This observation indicates that the winter ration scale for an 
average station complement at a permanent arctic military installation 
should provide for a ninimum consumption of about 4500 calories per man 
da ily. 


2a Personnel who are continually exposed to an arctic environment 
probably require a caloric intake greater than 4500 calories. 


3, limited observations under these conditions failed to show any value 
of vitamin supplements in the Arctic when the normal diet conforms to the 
recommended dietary allowances of the National Research Council (1). 


E. References: 


1, Food Nutrition Board. Recommended dietary allowances, National - 
Research Council, Reprint and Circular No. 122, p. 10 ia & 


Glickman, N., Hs i, heeton, ¢, H. Mitchell, and 

The tolerance of man to cold as affected by di 6tary mod | 
high versus low intake of certain water=soluble vitaimin Atte ra 
Physiol., 146, 538-558 (1946). eae 


Johnson, R. HE, and R, &, hark. Environment and caloric reoquiremets, 
Fed. froc., 6, 138 (1547). a 


Lusk, G.. The elements of the science of nutrition, Saunders, 
Philadelphia, 1925. 


iicLester, J, S, Nutrition and diet in health and disease, Saunders, — 
Philadelphia, 1931. = 
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Three commonly used drags which may exert considerable influence on 


normal physiological processes are caffeine (coffee and tea), alcohol (beer) 
and nicotine (cigarettes). Indications for a study of the effect of a sud-= 
den change to an arctic environment upon consumption of the above appeared 
when five enlisted men reported to the Medical Officer complaining of 
nervousness, tremor, insomnia, and irritability. Medical histories revealed 
that all five were consuming at the time 6 to 9 cups of coffee daily as 
compared to 1 or 2 cups daily before coming to Fort Churchill. Thus, their 
symptoms may have been due to their sudden increase in caffeine intake, 

It was decided to make some observations as to the change in coffee, beer, 
and Cigarette consumption when a representative military unit is transferred 
from a temperate climate (United States) to an arctic climate (Fort Churchill, 
Canada). Experiments were conducted to determine if any correlation existed 
between consumption of coffee, beer, or cigarettes and reaction time or trem 
or. 


B, Experimental 


During the first week of December 1946, approximately two weeks after 
arrival in an arctic envirenment, 68 enlisted personnel submitted the follow= 
ing information—(1) estimated daily consumption of coffee, beer, and cigar- 
ettes in the United States just prior to transferring to Fort Churchill, 
and (2) a record for one week of each day's coffee, beer, and- cigarette 
consumption at Fort Churchill. The latter observations were repeated in 
February 1947 for evidence of any change after living for three months in 
an extremely cold climate. 


The Simple Visual Discrimination Reaction Time Test, as devised by 
Horvath and Freedman (1), was p:rformed by each of the 68 subjects. The 
test involved (1) response to a visual stimulus (lighting of one or both of: 
two neon tubes), (2) a mental decision (choice of three possibilities), and 
(3) a muscular movement (six inches distance), A Standard Electric Time 
Clock recorded the reaction time in 1/l00ths of séconds. Hach subject was 
given twelve trials and the average used to indicate performance. These 
results were obtained in February 1947 at the same time as the coffee, beer, 
and cigarette consumption data reported for the third month in Table 6. 


Tremor of the test subjects was measured at the time of the above obser 
vations. This was done by use of an apparatus consisting of a wire probe 
inserted into a target hole, duration of various contacts between probe and 
periphery of hole being totaled by a Standard Time Clock. The probe is 
clamped over the front sight of a Colt automatic pistol, and while subject 
is stending in firing position (arm elevated and straight), is inserted into 
a target hole of 0.4 cm. diameter. ‘The subject is instructed prior to test 
that any unsteadiness or wavering of the pistol resulting in contact between 
probe and target periphery records as an error against him. Vuring a 30= 
second test period the Standard Time Clock records in 1/100ths’ of seconds 
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TREMOR TESTING APPARATUS USED 
IN CAFFEINE STUDIES 


TREMOR TESTING APPARATUS IN OPERATION 


S 


¢ 


REACTION TIME TESTING APPARATUS 
USED IN CAFFEINE STUDIES 


TABLE 8 
COFFEE, TEA, BEER, AND TOBACCO CONSUMPTION 
IN ARCTIC AND TEMPERATE CLIMATES 


” 


ARCTIC CLIMAT 
tras CTIC CLIMATE 


PERATE || FIRST MONTH ay MONTH — 


CLIMATE 


: = ANouNT onane| Amount | CHANGE’ 
BESS 
pee t= tal 


BOTTLES (12 OZ.) 


ALCOHOL (cc.)° Paice ieey” [va 


ea 


NIGOTINE (MG.)° 


i> CHANGE IN EACH CGASE !S CALCULATED AS PERCENT AGAINST 


GONSUMPTION IN TEMPERATE CLIMATE. 
2-VALUES ESTIMATED ON BASIS OR 4 MG. CAFFEINE PER CC. 


(COFFEE OR TEA, AND 7MG. NICOTINE PER CIGARETTE. 


mae 
is 


the total time that, due to nervousness or tremor, the probe makes contact 


_ with the target plate. The lower score indicates the better performance, 


C. Discuss of Res 

Table $ summarizes the results obtained from questionnaires concerning 
coffee, tea, beer, and cigarette consumption in arctic and temperate climates. 
It will be noted that the only significant change occurred in coffee and tea 
intake which increased 123% (3.1 cups to 6.9 cups) during the first month 
in an arctic environment. After three months coffee and tea consumption 
had decreased slightly, being 103% greater than the amount used in a tenm-= 
perate climate. Among factors responsible for this sudden increase in 
coffee and tea intake are the following: (1) desire for hot beverages in 
a very cold environment; (2) constant availability of free coffee at Fort 
Churchill; (3) relative unavailability of beverages other than coffee during 
period covered by these observations. Beer and cigarette consumption were 
almost identical in temperate and arctic climates, The conversion values 
to caffeine, alcohol, and nicotine used in Table & were obtained from 
Goodman and Gilman (2). 3 


The reaction time and tremor test scores are compared with coffee, 
beer, and cigarette consumption in figures 1, 2, and 3. There is no 
apparent correlation between steadiness or reaction time and the amount of 
coffee, beer, or cigarettes consumed. However, as may be seen in Fig. 1, 
there are no very poor steadiness performances among the subjects consuming 
less than 4 cups of coffee daily, and the poorest performances observed 
(more than 4 seconds) were made by subjects consuming 5 or more cups of 
coffee. On the other hand, subjects consuming more than 10 cups performed 
very well. There is a possibility that the poor performances are made by 
subjects who are abnormally sensitive to coffee, and who, because of 
‘unpleasant symptoms, voluntarily linit their consumption of coffee to less 
than 10 cups daily. Fig. 1 also indicates the validity of the tremor test 
scores: all five subjects who complained at Sick Call of "nervousness" had 
very poor scores of 6 seconds or more. This group represents 7% or more 
of the group of 6& subjects and therefore experiments designed to demonstrate 
relative sensitivities of troops to coffee are indicated. 


D, Conclusions 


1. Coffee and tea consumption increased 123% when 68 enlisted men were 
transferred from a temperate climate (United States) to an arctic climate 
(Fort Churchill, Canada). Beer and cigarette consumption was essentially 
the same in the two environments, 


2. There was no apparent correlation of tremor or reaction time with 
the amount of coffee, beer, or cigarette consumed, 


3. Five subjects (7% of the total observed) showed clinical symptoms 
(nervousness, tremor, insomnia) and "steadiness scores" suggestive of high 
sensitivity to caffeine=containing beverages. 


E. References: 


1. Horvath, S. M., and Freedman, A.--Cold eather Operations. Sub- 
Project No. 1-11, Influence of Cold Upon the Efficiency of Personnel. 
AMRL, Fort Knox, Ky; (May 1944). 
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~ One of the major problems in an arctic environment is that of keeping 
the feet warm and protected from the cold, This is largely due to the 
marked tendency of feet to sweat, especially under conditions of physical 
exercise or mental stress. This sweat permeates socks, insoles, and shoes 
to greatly reduce insulation against cold. Thus, the problem is chiefly one 
of moisture control--this may be attempted in either of two ways: (1) use 
of a moisture barrier between foot and insulating socks; (2) use of sweat 
suppressing agents (anhidrotics). It is with the latter method that this 
observation is concerned. 


Numerous sweat suppressing agents are available for test purposes, 
Anhidrotics most commonly employed are (in order of increasing anhidrotic 
action): (1) potassium permanganate solution; (2) tannic acid (5% solution); 
(3) formaldehyde (1-52 solution); (4) aluminua salts (sulfates and chlorides); 
The aluminum salts are used chiefly in these studies, 


In the selection of an anhidrotic agent to be used under conditions -of 
extreme cold the following requirements should be considered: (1) it mst 
be in a form satisfactory for field use under conditions of extreme cold— 
thus, liquids and ointments are likely to be unsatisfactory because of 
freezing; (2) it must be in a form quickly and easily applied hy troops in 
the field to tieir own feet; (3) it must have no deleterious effect on skin, 
foot, or footwear after prolonged use. A powder is the form of anhidrotic 
most likely to fulfill the above recuirements. Therefore, our sweat suppres- 
Sion stadies have been limited to the use of powders as anhidrotic agents. 


These studies are intended to obtsin knowledge concerning five objectives, 
as follows: (1) determination of the maximal amount of sweat suppression 
producible by each of several enhidrotic powder combinations; (2) determin- 
ation of tolerance of test subjects to various anhidrotic agents employed; 

(3) determination of the residual effect after a period of non-treatment; 

(4) record of the subjective symptoms of test personnel exposed to cold as 

to relative warmth of control (untreated) and test (treated) feet; (5) object- 
ive data on skin temperatures of treated and untreated feet as recorded by 
means of thermocouples. The first three objectives were studied at Fort 
Churchill during the winter of 1946-47; it is planned to complete the obser= 
vation during the winter of 1947-48. 


B. Experimental 


1. Footwear Assembly 


A standard footwear combination was adopted for use in all tests, as 
follows: (1) sock, wool, cushion sole (next to skin); (2) sock, wool, ski; 
(3) felt insole; (4) shoepac. The shoepac was selected as the best footgear 
for these observations because (1) it is waterproof, thus permitting the 
collection and weighing of moisture produced by the foot during the test 
period, and (2) if the moisture control problem is solved then the impermesble 
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of the “following powders are reported 4 


See foot. powdee No. I: aluminun ci orice 3h5 
acid 3%; potassium alum 10%; powdered tale Sug. 


a Anhidrotic foot powder No. II: aluminum chloride 5S ‘8a 
acid 5%; potassium alum 15%; powdered tale 75%. : 


ae Anhidrotic foot powder No. III: aluminum chloride 10%; 
acid 5%; potassium alum 20%; powdered tale 654. | 


Anise et —9hot Seder No. Vr slaninon ciomide boric acid Ths 
potassium alum 10%; salicylic acid 3%; starch 5%; powdered tale ‘10k. = 


. Method and Procedure 


Each anhidrotic foot powder was tested for one week, daily observ 
tions lasting 12 hours—usually from 0900 to 2100. Prior to each test all 
footwear was dried to a constant weight by means of hot air circulated by 
blowers. The right cushion sole sock was impregnated with test powder an 
all footwear weighed at beginning of each observation. Sock and insole 
Combination to be worn on each foot was weighed in a moisture-proof w igh 
ing bag; shoepacs weighed separately. «ll weights were determined to 
nearest 0,1 gram, eae 


In each observation the right foot was treated with the anhidroti 
powder; the left foot remained untreated as a control. At the conclusior 
of each daily experiment the outside of the shoepac was wiped free of all 
dirt and melted snow, Then the footwear was removed and weighed. The 
increase in weicht was used to determine the sweat production. By compsri= 
son of moisture contents of footgear of the treated foot with that of vie 
untreated, per cent sweat suppression was determined for each anhidrotic 
powder. 


. Following each daily observation the feet were carefully examined _ 
for the presence of any rash, peeling, dermatitis, or other evidence that _ 
might indicate intolerance to the strength of powder used. 


It was noted that, following treatment with each powder, there was 
considerable residual effect. Therefore, after 16 days of no tests or — 
observations, the experiment was repeated with both feet untreated, and the. 
residual effect of previous tests determined. 


C, Discussion 
1. Anhidrotic Action 


‘Table 9 gives a summary of the reads 0 on the three subjects observed. 


SWEAT SUPPRESSING POWDERS USED 
IN FOOT EXPERIMENTS 


FOOTWEAR COMBINATION WITH WEIGHING BAG 
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twelve hours! duration each on five consecutive days. Sweat suppression by 


the various anhidrotic combinations ranged from 5% to 25%. There was 
considerable variation in the anhidrotic effect of any one of the several 
combinations tested. Among the subjects observed the one with greatest 
sweat production experienced greatest anhidrotic action in 60% of all tests, 


_ Dermatological consultants had previously suggested that maximum sweat 
suppression would be found in those subjects with hyperhidrosis, The wide 
variations in moisture production by the control foot of a single subject 


are attributed to variations in both activity and ambient temperatures, 
neither of which was controlled in this experiment. Observations suggest 


that the anhidrotic effect is a cumilative one, and that maximum sweat sup- 


pression by any one agent is probably attained only by repeated applications. 
This factor of summation of effect has not been controlled in comparison of 
the anhidrotic action of different powders. 


2. Tolerance 


All subjects had a slight reaction to foot powder No, III containing 
10% aluminum chloride and 20% potassium alum. Two subjects developed a very 
small area (2-3 cm. in diameter) of skin rash which cleared up when use of 
the powder ceased. The third subject experienced superficial peeling of the 
sole of the treated foot. No il] effects of any kind were observed from 
use of powders containing 5% or less aluminum chloride and 15% or less 
potassium alum. Since the anhidrotic effect appears to be cumulative a 
powder containing 3% aluminum chloride and 10% potassium alum might possibly - 
be adequate to give maximum sweat suppression after repeated treatments. 
Also, such a powder would appear to be well within the range of tolerance, 
but observations on a much larger group of subjects would be necessary to 
definitely establish iis safety. 


3. Residual Effect 


After 16 days without treatment approximately 60% of the sweat sup= 
pressing effect of the previous anhidrotic treatments still remains. Those 
subjects with greater sweating retain the greater residual effect. This 
may be of significance and value in those individuals with hyperhidrosis who 
have greatest difficulty in keeping their feet warm and protected in extremé 
cold ° 


D. Conclusions and Recommendations 


1. The maximum average sweat suppression produced in one subject by any 
of the anhidrotice agents employed in this observation was 25%, 


2. All three subjects tolerated well anhidrotic agents containing 5% or 
jess aluminum chloride and 15% or less potassium alum. Each subject exper= 
ienced an unfavorable reaction to a powder containing 10% aluminum chloride 
and 20% potassium alum. 


3. A residual effect of 60% was still present 16 days after the last 
anhidrotic treatment. 


4. No ill effects on socks, insoles, or shoepacs were observed from any 
of the anhidrotic powders tested. 


NEAT SUPPRESSION — BY ANHIDROTIC. FOOT POWDERS. ee 
(SWEAT EXPRESSED ‘AS WATER IN GRAMS) 


‘SUBJECT A jon 


Re onthe ar slanc| ore 
| |ERignt Foot (TREATED) | 52.9| 60.6| 46.4) 

| ae 
PERCENT DECREASE (| @5%[12.2%| 18.64] 12.2% | 


ee 
Se ee 
right Foot (TREATED) || 57.6] 57.6| 44.5] 40.9] 
[wet oecteaseo | .6[_z8| 75] 18 
PERCENT DecREASe | 7.4%| 1.8% | 14.4%) 4.2% 


ss“ ea a a ee 
[LEFT FOOT (CONTROL) || 63.0] 79.7| 59.0| 58.4 


pean oor cacare®)_f onal re[ ase se3 
SWEAT CEGREASED  =—«-—Ci||sCés.t| 7.2] 10.4] 14.1 
og 8 
a ING. 
|LLEFT FOOT (CONTROL) || 6!.0| 71.2] 56.0] 52.4) 
[RIGHT FOOT (TREATED) || §5.1| 63.5| 46.5| 44.8 
fewest oecaeaseo "| _s.9|_2.7{“o| 78 

L 9 


PERCENT DECREASE 


io ALUMINUM CHLORIDE - 3%, SALICYLIC ACID-3%, POTASSIUM ALUM — 10%; 


POWDERED TALC —84%. 

2 —- ALUMINUM GHLORIDE—5%; SALICYLIC ACID-5%; POTASSIUM ALUM—15 %, 
POWDERED TALC—75%. 

3 — ALUMINUM CHLORIDE - 10%; SALICYLIC ACID ~ 5%; POTASSIUM ALUM —- 20%; 
POWDERED TALC- 65%. 


4 — ALUMINUM CHLORIDE - 5%; BORIC AGID-7%; POTASSIUM ALUM-10%; 
SALIGYLIG ACID -3%; STARCH-5%; POWDERED TALC~70% 
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answer carefully. 


a = U. S. army eilisted men biek Janet at Fort Church 13% Cenada since 
November 1946. . All subjects signed their names to the answer sheets so tha 
data on age, Army General Classification Test Scores, and education could be 
obtained from their service records. ‘uestionnaires and tabulated answe: 
are presented below, = 


ATTITUDE QUESTIONNAIRE 


Ve are studying the effects of extremely cold climate. and limited 
environmental conditions on the morale, efficiency and health of aiate 
men. Se are as interested in, adjusting men to this climate as we are in — 
- adjusting equipment. You can help us greatly in this project by answering 
the following questionnaire as frankly and fully as possible. Only by | 
letting us know your own personal reactions, can we hope to grasp the — 
problems involved in your adjustment and the necessary steps to be taken 
for their solution. Use separate sheets for your answers and number each 
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Were you used to cold weather on arrival? , 

pe-you tike winter sporta? =. 2)... . 

fye you used to cold weather now? . .-.-. 

Did you volunteer for this assignment? . 

Did you find the work situation that you expected? 
Are you satisfied with the work situation? . .. e 
Did you find the housing as you expected? ... 
Are you satisfied with the housing conditions? . . 
Are you satisfied with the meals here? .. —- 
De you ge, GnGuch tG Gat? + «tt tw tte ey 

Do you like the type of food you get?.. . : 

M6 You have 2 Pood appetite? . 2s se ce ks 
Have you noticed any chanre in your food likes 

or dislikes?.. . .: ‘ . .* ie ea 
Do you find yourself in need of something to do in 
your spare time’. . ee we 8 ef 

Are recreational facilities adequate? 

Do you like to visit nearby vitisces?. a 
are the hardships of this climate frec auatiy discussed? 
Are you interested in your work? « . . + s..se.ss 
Do you feel that officers or associates have it... 
"in for you"? se s @ s « e e 2 2 e co ° a e e . e e s 
Are your officers tolerant and understanding ?. ae 


+ Have Sigs noticed any change in your epeeorine power? 


Peleg have any dreams. or nightmares? 
Have you noticed any change in your drive or enthusiasm?.. 
are you afraid of petting SONG? Cs 8 cee ee 
Do you get lost easily? . 1.1 s eevee eer eees 
» Have you ever been lost?. hee oe ee 6 eS ee ef 
Do you feel that you would be found if you were to get 
es ae ee ee s s ® oe 6 oe 
Do you ea ght toet ei thie climate? << 36 oS 
Do you take adequate precautions to dress properly? . 
Do you feel that this climate is dangerous to life and 
health? e 6° ® @ 2: es eS 4 DO oe @.--@ 824. 80 8 8 
Would as say that the majority have the same attitude 
as you concerning this experiment?. .... + cn 
Is sex a problem with you?. . « « « « — 
Have you been able to find sex gratification 
at nearby Villages? «1. 2«-+++see-esteee eo 6 
Do you go on sick call? . ue oe ee ° ¢ 
Oo yeu like tne drinking water? . . . ae ee 
Do you feel that the work you are doing is important? 
Do you feel that you have been given sufficient credit 
for the work you are doing? . . + i 6 ee 8 6 ee oe 
Do you object to this cuesticnnaire?. ag oe ae eee 


OPINION POLL 


INSTRUCTIONS: These are questions about how you have changed since you ha 
been in this unit. Check each one. ee 


ee cua 


Do you feel that you have become 
more ambitious, or less ambitious? 
Are you inclined to be more moody, 
or less moody? 


Have you felt more thwarted or held 
down than before, or less so? 


Sineé coming into this unit are you 
inclined to be more cheerful, or less 
cheerful? 


Have your experiences made you more 
 hardboiled in your attitude toward 
iene oe less ecuiimaacuaie 


.. a to get angry more easily 
_ than you did before, or less easily? | 


Are you more self-confident since coming 
_ into this unit, or less self-confident 


Are you inclined to be more disgusted 
with things in general or less so? 


Do you tend to be more optimistic in your 
viewpoints, or less optimistic? 


Do you feel that your life in this unit 
has made you more satisfied or less 
satisfied? 

Are you more happy, or less happy? 


ape you more restless, or less restless? 


Have you become more sociable, or less 
sociable? 


Do you feel more able to take responsi- 
bility, or less able*% 


Do you feel more independent or less 
independent? 


Do you feel depressed more often or less 
often? 


Do you feel more tolerant of other people, 
or less tolerant? 


Are you more critical of others, or less 
critical? 


Do you tend to be more easily annoyed by 
people, or less easily annoyed? 


Do you worry more often, or less often? 


Do you resent being told what to do more 
than you did before, or do you resent it 


less?” 


Do you feel more tense and keyed up more 
often than you used to or less often? 


Do you have more perseverance or are you 
unable to keep at things you are doing? 


6 you have more and wider interests now 
than you used to have, or are your Anter- 
ests less wide? 


e Analysis of the questionnaire data, conclusions, and recomnendstione 
presented in a separate report to be submitted by —— Bettis and 


aoe Weather 


Reports for the past ten years show that Churchill, because of the 
excessively high wind chill, has winter weather conditions that are among 
the most severe on the North American continent. Three different weather | 


conditions are available for cold experimentation: , (1) extreme cold 


(-20 F, to -50 F.); (2) severe wind chill (average wind velocity of oa 


mph bat 40-50 mph frequent); (3) blowing snow (visibility at times is less 


than 10 feet). 
= sapesei bility 


At Churchill true arctic weather reaches its nearest point to he 
United States. Chicago is only six (C~54) to eight (C-7) hours easy flyin 
time from Fort Churchill Airport. Bi-weekly railroad service to Churchill 
ig maintained throughout the winter. Harbor facilities permit a at 
ocean=going freighters from July until September. 


3. Topography 


ee Churchill, located at the northern limit of the evergreen foeet 3 

at the boundary between Arctic and sub-Arctic, has three types of terrain 

easily available for cold weather testing: (1) sub-arctic forest to the © 

south; (2) barren wastelands (tundra,-muskeg) to the north; (3) sea-ice of 
the Hudson Bay a few hundred yards away. 


4, Daylight 


A minimum of seven to eight hours daylight is present at Churchill 
throughout the winter=-more than are present at any other place with weather 
of comparable severity. This reduces the problem of insufficient daylight 
for testing personnel and equipment in the Arctic when weather conditions. 
are most severe, . 


5. Facilities 


Fort Churchill has at present about sixty semi-permanent wooden 
buildings, the majority of which are in fairly good condition, A completely 
equipped and fully staffed meteorological station provides daily weather 
reports and forecasts. Native whites, Indians, and Eskimos are available ins 

the Churchill area as test subjects. : 


— Joint Canadian = American Research 


2 - Fort Churchili offers an opportunity for: joint research with the 
Canadian ied and the benefit of their experience in the Anat ige 


eS arch Laborat 
v a tilen: of onsets changes that occur in ome ara 
ppeeat ions. - 


Be rwuenton of physiological limitations of troops under varied 
ee of exposure to arctic winter weather. 


ie Te Development and evaluation of expedients for increasing the resist 
anee of troops to arctic winter weather. 


ee in Comparison of the physiological responses especially to cold sti 
tion in different racial groups of men and in different animal strains. oe 


= period 15 October 1947 to 15 April 1948. 


a, a Comparison of the basal metabolism of white men, Eskimos and Ind ar 
SS suring different seasons. ee 


Metabolism studies on troops under basal conditions, using ce = 
circuit indirect methods, throughout the winter in Churchill, should indicat 
whether changes in basal metabolism are involved in acelimatisation to col 
Equipment may be taken to Baker Lake and basal metabolism studies made o 
Eskimos to determine whether a higher metabolic rate is associated with the 
apparently greater resistance of Eskimos to cold. In addition, observations 
may be made at Churchill on Indians and white inhabitants of the area to 
gain information on comparative basal metabolic rates, 3 


@, Basal cardiovascular measurements and the effect of cold stimilation 
of the face of white men, Eskimos and Indians. 


= The cardiovascular observations made in conjunction with basal 
Metabolic studies, would provide information on basal heart rate, rectal 
and certain skin temperatures, and blood pressure of different racial groups. 
Changes which might result from acclimatization could also be determined, — 
Similar measurements can be made to determine the reflex cardiovascular 
responses to a cold stimulus, simulating Arctic wind chill, applied to the 
face. 


3. The state of water balance of troops during arctic winter field 
operations. 


Troops in bivouac can be required to perform scheduled activities, © 
The water intake from food and from melted snow, as well as the caloric intake 
can be determined for each subject, The state of water balance under these 
_ eonditions should be indicated by daily observations on each subject of body © 
__-weight, total water intake including water consumed in food, volume of urine. 
- exereted, specific preety of blood and urine, and indicated chemical analy- 
gis of blood and urine for specific substances such as sodium or potassium, 
, siolo cal ettecta: of pansible — . may be evaluated by a modified 
bs ar r ctive reports of ihe res 


at i iS i aa eI aa 
Fete SA EO RR Pe ee PERRI ne ea re 


ih, =Gooling rate and tolerance times of resting men protected by arny 
evacuation equipment in arctic winter weather. (In cooperation with Medical 


Supply Section, Office of the Surgeon General). 


The cooling rates of resting troops under conditions employed in 
evacuation of casualties can be observed by determining changes in skin and 
rectal temperatures thermoelectrically. Tolerance times will be approximated 
from skin and rectal temperatures measurements and the subjective reports of 
the simulated casualties. Various types of evacuation equipment and tech- 
niques can be compared under different environmental conditions, Data ob= 
tained will be of value in designing experiments to determine the proper 
early treatment and best means of evacuation of casualties under arctic wine 
ter conditions. 


5, Physiological aspects of maintaining the physi¢al condition of troops 
by rewarming during long exposure to extreme cold. 


Methods of rewarming, and the relation of frequency and duration of 
periods of warming to periods of exposure should be investigated. Direct 
observation, measurements of skin and rectal temperatures, the subjective 
reactions of the troops, etc., can be used to indicate the physical and phy- 
siological condition of the troops. These studies would permit the selec- 
tion of means for prolonging the period that troops may endure arctic winter 
weather, 


6, Effectiveness of sweat control measures and their value. 
a. Anhidrotic foot powder 


Studies reported in Section VI should be continued to determine 
the maximum anhidrosis which can be obtained with these agentg and the 
effect of activity and environmental temperature on the degree of anhidrosis. 
The value of the anhidrosis should be determined by comparing, in the same 
subject, the comfort and skin temperatures of treated and untreated feet. 


 b. Ventilated and barrier layer clothing (In cooperation with 
Dr. Alan Woodeock, Canadian Research and Development) 


Sweat accumulation in the barrier system of the clothing designed 
and to be tested by Dr. Woodcock should be measured, and clinical observa- 
tions made on possible effects on the skin of moisture within the barrier. 


Subjective reactions which will be obtained by Dr. Woodcock 


should be supplemented by a comparison of skin and rectal temperatures re=— 


sulting from the wearing of the various types of clothing under test. 


7. Local vascular and temperature changes in man resulting from frost- 
bite. 


As cases of frostbite appear among personnel stationed at Fort Church» 
411 observations will be made as to the relative skin temperatures of normal 
and affected parts. Studies will also be made on vascular responses in 
normal and frostbitten areas to certain stimli (cold, heat), The data ob- 
tained may contribute information concerning vascular changes occurring in 
frostbite. 


RESTRICLED 


ent ie ae RR OR ST RR NOE FES TC CR Sa Rm 


oe am teres i asi dia 


lysis of stress ae arctic environments 
oe of te ewe Se baa of oe 


[> the Sovcthieatas) ‘welts of the test a eee will greatly influence 
jective physiological data. — ‘Cooperation with psychologists is desirable 
n desiening physiological experiments on man. This laboratory is prepared 
to obtain field data on psychological problems by means of questionnaires, 
gta and direct observation of personnel at Fort Churchill during 
“the course of other experimental studies. 


GS. General observation’ on problems and field expedients in the Arctic. 
Procurement and training of animals for studies on species differences and 
effects of arctic environments. 
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ABSTRACT 


APPLICATION OF THE INFRA~RED GAS ANALYZER TO THE STUDY OF 
HUMAN ENERGY METABOLISM 


OBJECT 


The determination of the caloric expenditure of troops during maneu- 
vers has resolved itself into the establishment of a suitable practical 
field method for measurement of respiratory changes in man in such physical 
situations that would not permit the use of existing apparatus. A method 
was desired which would offer 2 advantages over present field techniques: 
(1) graphic continuous analytical record over protracted periods rather 
than period averages for short duration effort, and (2) portable equipment 
which would measure actual expenditure of a particular activity rather 
than an additive effect of the exercise plus apparatus load, 


RESULTS 


A new technique for measurement of caloric expenditure during con- 
tinuous activity has been developed. Both laboratory and field trials 
have proved the adaptability of the Leeds and Northrup selective gas analyz- 
er to the estimation of carbon dioxide in expired air. Caloric expenditure 
studies on men undergoing mountain warfare training have been accomplished. 
The new method offered instantaneous analysis and continuous records over 
protracted periods of activity. 


CONCLUSIONS 


The infra-red analyzer equipped with an adequate pumping system for 
controlled air flow has been adapted to metabolic work and found satisfac-~ 
tory, both in the laboratory and in the field. 


RECOMMENDATIONS 


The apparatus developed and tested is satisfactory for routine study 
of respiratory exchange. To obtain absolute fidelity, i.e. synchronization 
of recorded response with respiratory excursion, and continuous analytical 
records of oxygen utilization, should be the aim of subsequent investiga-— 
tion. 


Submitted by: 
H. J. Spoor, Capt., N.C. 
G. C. Davis, Capt., K.C, 
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HUMAN ENERGY METABOLISM 


APPLICATION OF THE INFRARED GAS ANALYZER 10 THE STUDY OF 


I, INTRODUCTION 
The problem of caloric expenditure studies on troops engaged in 


military maneuvers resolved itself into the establishment of a suitable 


practical field method for determining respiratory changes in man in such 
physical situations that would not permit the use of bulky apparatus. The 
method devised offers two advantages over present field techniques: 

(1) graphic continuous analytical record over protracted periods rather 
than period averages for short duration effort, and (2) portable equipment 
which will measure actual expenditure of particular exertion rather than 
special conditions of simulated exercise plus apparatus load, To obtain 
these objectives: (1) a Leeds and Northrup infra-red gas analyzer was 
adapted to quantitative detection of carbon dioxide, (2) continuous graphic 
data were recorded by an Esterline-Angus microammeter, and (3) portability 
was simulated by use of the A-13 Oxygen demand mask to which was connected 
a long air line carried by cable and pulley rigging extending to the analy- 
Sis assembly. The apparatus permitted continuous sampling of air over , 
difficult terrain. 


This report concerns itself with (1) the adaptation of the Leeds and 
Northrup infra-red gas analyzer and associated apparatus to measurement of 
human energy metabolism in the laboratory and (2) apelhectce to field 
studies of the energy metabolism of troops engaged in mountain warfare 
training. 


It, EXPERIMENTAL 
Ae atus an 


1. Gas Analyzer. 
The Leeds and Northrup selective gas analyzer was designed to 


measure small concentrations of carbon monoxide (1). It has been adapted 


to quantitation of water vapor (2), and has been sensitized to carbon 
dioxide (3), The subject instrument is functionally based upon the selec- 
tive absorption by the gas in question of radiation in the infra-red region 
of the spectrum (CO 4.7, HoO 6.0 and CO> 4.3 microns wave length absorp- 
tion bands) © 


A complete technical description of the instrument, with 
detailed operating instructions has been previously reported (33, A brief 
description follows: Infra-red radiation is emitted by an electrically 
heated nichrome coil. The rays pass across a test chamber which contains 
the gas sample to be analyzed. After leaving the test chamber, the beam 

of radiation is split into 2 parts by an axially divided filter chamber, 
and then falls onto 2 thermopile sections. The instrument achieves its 
selectivity by the fillings of the filter chambers. One of these is filled 
with the gas under analysis (i.e. COo) and the other with non=absorbent 

gas (i.e. 02). The oxygen side of the cone does not absorb an appreciable 
amount of radiation. The carbon dioxide side of the cone absorbs radiation 
maximally within its absorption bands. Both branches respond identically 
to noneabsorbed radiation. Output of the two thermopiles is balanced. 
Then, introduction of carbon dioxide into the test chamber causes a change 


‘in thermopile output because absorption decreases the radiation falling 
upon the oxygen cone thermopile. All foreign components absorb from each 
chamber equally except for those gases with absorption bands overlapping 
those of carbon dioxide. Possible effects of carbon monoxide and water 
vapor are avoided by eliminating these two as contaminants. 


2. Expired Air Cellection. 


For the masurement of carbon dioxide concentration of 
expired air to be useful as a measure of metabolic expenditure, one of two 
conditions mist be filled, First, the expiratory volume can be measured, 

_ from which the carbon dioxide concentration will give the per cent by 
volume as in the classical Haldane technique; second, the volume flow from 
the subject can be kept essentially constant by force pumping. Enrichment 
of this constant volume with carbon dioxide from expired air will permit 
expression of carbon dioxide as per cent of a flow. From data of this 
sort carbon dioxide, expelled by the subject for a period, can indicate 
directly his rate of production, regardless of the actual expired volume. 


7 In this problem, we have utilized the latter principle, 
namely constant flow from the subject by means of force pumping of air 
through a large capacity hose leading from mask to machine. A schematic 
diagram of the assembly is given in Figure 1. An analyzer aliquot was 
drawn from the main flow line by means of a small constant speed rotary 
pump. In practice the only limiting factor on maneuverability of the sub= 
ject in reference to analyser and recorder was the length of air hose 
between subject and machine. The limit on this length was the ability to 
handle the hose mechanically. By use of cable and pulley rigging 
in the field, up to 400 feet of hose were handled with no more inconvenience 
to the subject than the usual leboratory mask assembly. In the laboratory 
during standardization of the apparatus various flow meters, mixing chambers, 
temperature baths and filtration columns for investigation of factors in- 
fluencing instrument sensitivity and selectivity were inserted between the 
subject and the analyzer. 


3. Air Flow Rates. 


The determination of air flow rates in the main and aliquot 
circuits was very accurately accomplished because subsequent carbon dioxide 
concentrations were interpreted as percentage of a constant volume. These 
flow rates were ascertained in the laboratory by the following standard 
techniques: 


a. Spirometer Calibration, 


The laboratory spirometer, 500 liter capacity, was calibrat- 
ed by filling it from an air compressor through a volumetric gas meter 
(Precision Scientific Co., Chicago, Ill.) recording liters, Direct measure 
ment of filling volume per centimeter bell rise gave a value of 4.35 liters 
when corrected to standard conditions. 
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FIG.1. DIAGRAM OF ASSEMBLY 


b. Calibration of Main Circuit, 


The volume flow of air through the large hose circuit from 
the subject depended upon the operating speed of the main line pump (Pi Fig.1). 
The line flow was calibrated by measuring the rate of air flow at various 
motor rate control settings against the previously calibrated 500 liter 
spirometer. Tracings of time against distance (bell elevation) for "variac"™ 
settings of 20, 40, 50, 60 and 80 volts were obtained. Values from these 
curves (i.e. cm./min.) were converted to liters per minute by use of the STP 
conversion factor for the spirometer, namely 4.35 liters per centimeter 
rise. Line resistance in the system was induced by two distinct major fac- 
tors: (1) the mask and man and (2) an orifice flow diaphragm used in con- 
junction with recording devices. Table 1 summarizes the data obtained, 
These data compare flow rates under the following conditions: (1) with 
neither mask, man nor flow meters (2) with mask alone, without man or meter; 
(3) with mask and man, but no meter; (4) with meter and mask, without man; 

5) with mask, man and orifice flow-meter. | 


TABLE 1 


MAIN LINE FLOW 
Liters per Minute (STP) at Various Variac Settings 


Tommas [av [wv | ov [| ov] ov 
L 


104 
42.8 
31.8 


Wf Wo do 


| Condition 5—i.e., with mask, man and orifice flow meter--was that used 


for subsequent metabolic study. Standard conditions were arbitrarily — 
established as those prevailing at a main line pump variac setting of 

50 volts, namely, 102 liters per minute (STP). This volume was greatly 
in excess of any expiratory volume later obtained from a subject. Cal~ 
culated volume flow based on the orifice formla (4) agreed with the above 
experimental values. 


ec, Calibration of Aliquot Circuit, 


The small aliquot circuit leading to the gas analyzer was 
powered by a constant speed motor air pump designed to deliver about 10 
liters of air per minute through the analyzer chamber, To check constancy 
of flow of this pump, the air stream was calibrated against the spirometer. 
Current supplied to the pump was regulated by a variac (Po Fig. 1), and 
tracings of volume versus time at various voltage settings recorded. For 
settings ranging from 40 to 160 volts the flow output varied between 10.02 
and 12,00 liters per minute, The motor was designed to operate most effi- 
ciently at 120 volts. The air flow rate at this setting was 10.87 liters 
per minute. This value was used throughout for aliquot line flow, 
Changes in flow of the main line had no effect on the constancy of the 
aliquot filow. 3 | 


4, Standardization of the Selective Gas Analyzer, 


After air volume control was established, standardization of 
the infra-red gas analyzer against known carbon dioxide-oxygen gas mixtures 
was accomplished. An investigation of the factors influencing receptivity 
and interpretation accuracy of the instrument was undertaken. 


a. Standard Carbon Dioxide Mixtures. 


Known mixtures of carbon dioxide and oxygen covering the 
expected range of carbon dioxide concentration (O ~ 5%) to be encountered 
were prepared. Analysis by the Haldane technique of different cylinders 
containing gas gave the following compositions: 0.267, 0.549, 1.26, 2.37 
and 4.32 per cent carbon dioxide in oxygen. These, with outside air 
(0.03% COz) and pure oxygen, comprised the standard series, Air dilution 
at the source to 100 liters per minute was enough in excess over expir- 
atory volume to insure analysis within this standard range. The standard 
gas mixtures were fed directly into the aliquot line to the analyzer. As 
stated, air flow to the analyzer was supplied at a constant rate of 10.86 
liters per minute. Inserted into the air line between the pump (P, Fig. 1) 
and the analyzer was a "charcolite" air filter (Fig. 1). This served three 
purposes: (1) mechanical filtration of air, (2) removal of water vapor, and 
(3) removal of charcoal absorbable gases. For testing the effects of water 
vapor the filter was replaced by suitable apparatus, An initial series of 
responses of the gas analyzer to the various carbon dioxide mixtures is 
shown in Figure 2, The Esterline-Angus graphic records read from right to 
left. Tabulation of the results in terms of average and maximum micro= 
volt deflection is given (Table 2). 
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TABLE 2 
STANDARD COp MIXTURES, MICROVOLT DEFLECTION 


Per Cent CO5 Average Microvolts 


0.0 (by adjustment) 0.0 (by adjustment) 
6.95 7.8 


Maximum Microvolts 


Average values were obtained by measuring the area under the curve for the 
entire period during which the test gas was running, This value, divided 
by the length of record, gave the average deflection for the period, 
Averages are lower than the maximum recorded deflections because of time 
lag in absorption and mixing. Ideally, both maximum and average values 
should have been identical; practically, the average value was of greater 
use for application to measurement of expired carbon dioxide. 


b. Oxygen Versus Outside Air (0,03% COn) « 


Operation of the continuous gas analyzer over extended 
periods required repeated standardization of the base line because of elec# 
trieal drift in the recording meter. This base line adjustment could have 
been made using cylinder oxygen, but in field work it was more convenient 
to standardize against outside air, a source material of constant carbon 
dioxide content more readily accessible than pure oxygen. A series of analy- 
ses was run, first to measure the sensitivity of the machine to the 0.03% 
COg of air and second, to make direct comparison of standard mixtures using 
oxygen and air base lines. The average deflection produced by 0.03% COo was 
slightly greater than 1 microvolt. The response is recorded in Figure 2, 
Comparison of the response of the machine to the known gas mixtures using 
the two base lines gave the conclusion that deflection response of the 
machine to carbon dioxide versus oxygen was slightly greater than response 
to the same carbon dioxide versus air, The effects were within the antici- 
pated range for pure additive values, that is, 1-2 microvolt inerease at 
each level. Curves comparing these responses are given later (Fig. 3). 


c. Flow Change and Pressure Effects. 


The apparatus was designed to give constant air flow to 
the analyzer but, to ascertain just what effects changes in rate of flow 
through the analyzer cell would have on the readings, a series of experiments 
was conducted. The effect of sudden complete cessation of flow and gradual 
decrease in flow were tested at the very low and at relatively high concen- 
trations of carbon dioxide (0.03, 1.26 and 2.37%). Using the lowest con- 
centration of gas (0.03% COo), the following results were obtained: sudden 
stoppage of flow caused a falj in deflection of 1 microvolt practically 
instantaneously; on return of the flow, there was a reestablishment of the 
original deflection within 4 minute; prolonged stoppage of flow (2 minutes) 
produced a decrease in deflection of 1 microvolt within 4 minute, then a 


oe 
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gradual fall of 1 microvolt over the succeeding 14 minutes; return of 

flow returned the deflection to its original level within = minute. Sim- 
ilar effects although less marked, were seen with the higher concentrations 
of carbon dioxide: at levels of 1.26% CQ, stoppage of flow caused a de~ 
crease in deflection of 2 microvolts within 1 minute; restoration of the 
previous level (29 microvolts in this case) required a little longer, 1 
instead of 4 minute. Gradual cessation of air flow was difficult to eval- 
uate because with a constant speed motor variation from 12 to 10 liters per 
minute was the maximum obtainable (160 to 40 volts). Within this range 

no change in deflection toward 2.37% CO2 could be shown. At a variac set- 
ting of 20 volts, the motor failed after a short period of 5 liters per 
minute flow. During this period, between 10 to 0 liters per minute flow, 

a fall of 3 microvolts occurred. The fall was probably identical with the 
effect of cessation of flow. All of the preceding data are illustrated in 
the second record of Figure 2. 


d. Temperature Effects. 


Previous work with the infra-red machine, when used for 
analysis of carbon monoxide, indicated that recordings were stable under 
gradual changes of temperature. Warning was implied to avoid sudden tem 
perature change, although no commitment was made as to the magnitude of 
the error introduced (1). The influence of temperature change on carbon 
dioxide analysis has been investigated. Warm-up of the machine for 14 
hours as recommended led to an analysis chamber temperature of 30°C, This 
temperature was maintained constantly while operating with ambient air of 
from 26° to 29°C. Preheating ingress air only slowly influenced the 
stabilized chamber temperature. Preheating inflowing air from 26° to 44°. 
during a period of + hour increased the analysis chamber temperature from 
30° to 33°C. With the 3° rise in chamber temperature (exit air) the records 
showed a maximum upward deflection of 3-4 microvolts, The curve was flat 
between 30°31°C with a 1 microvolt rise between 31°-31.5°C; a 2 microvolt 
rise between 31,5°=32°C; 3-4 microvolt rise between 32°=32.5°C; steady be= 
tween 32,5°=33°C, Gradual increase in operating temperature caused positive 
deflection of the recorder pen for both outside air and 1.26% CO>. This 
can be attributed to a shift in the base line, Sudden change of inflow gas 
from 44° to 29°C had no effect on the record, The only explanation of this 
fact is a lack of sensitivity of the instrument to sudden temperature change 
because the gas passing through the analyzer was not heated to chamber tem= 
“nna Esterline-Angus experimental records of these date are given in 

gure 2. 


e. Effect of Water Vapor. 


The influence of water vapor upon carbon dioxide analysis 
was small, transitory and self-compensating. Air at 27°C saturated with 
water vapor caused an immediate downward displacement of the base line of 
approximately 2 microvolts. The effect was of 20 seconds duration, then the 
record reassumed its base line, With COp mixtures, a similar but exaggerated 
downward shift occurred. Using a standard mixture containing 1.26% (Oo, 
saturation with water vapor caused a downward displacement of 3 microvolts 
which lasted 30 seconds at maximum, then decreased in effect until the 
original deflection was regained after 2 minutes, Dry gas replacing the 
moist which had reached balance caused no shift in deflection. The effects 


are probably not those of interference with flow because the time elapsed in 
7 


converting one mixture to another was very short, In addition, the immed- 
jate effects were greater than those produced by even prolonged flow stop= 
page. No flow change effect took place on converting from moist to dry gas. 
Records of these data are given in Figure 2, 


f. Elapsed Time on Response. 


Several factors have been reported as influencing the 
stability of the gas analyzer response to standard gas mixtures. The instru- 
ment has been regarded as satisfactorily stable if precautions have been 
taken to assure: (1) adequate warm-up, (2) well-charged batteries, (3) fre= 
quent zero adjustment of the established base line and (4) oceasional stand- 
ardization against a known gas mixture. The most likely factor to account 
for change in response has been stated to be an electrical leakage from | 
terminals to ground. In those instances in which there has been a distinct 
loss of sensitivity with elapsed time the fault has been attributed to 
leakage of the filter cone (1). In the subject instrument leakage of gas 
had been minimized by a permanent cement seal of the analysis cell window 
to the filter cone assembly. Sensitivity control of the instrument had «~~ 
been incorporated so that one could adjust receptivity to a definite stand- 
ard value. Duplication of standard curves by this means has been the 
- practical way of controlling sensitivity loss (3). 


During the accumulation of the following data, the sensi- 
tivity adjustment of the instrument was fixed in order to ascertain the 
absolute magnitude of inherent instrument sensitivity loss, Standardiza- 
tion curves taken at different times using both oxygen and air base have 
been run. Comparative curves for each series are given (Fig. 3). There 
was a loss of sensitivity during the 30 day period studied which was greater 
than casual variation between standardizgations, There is insufficient evi- 
dence to attribute this loss to cone leakage on other than presumption 
from earlier reports. The practical method of adjustment of instrument 
sensitivity to a standard deflection with a known calibrating gas mixture 
nullifies the sensitivity loss. 


Z. Calibration of Curve, 


The average deflection represented by each point in Figure 
3 was arrived at by measurement, in square millimeters, of the area under 
each tracing during the tést period. From this value, average deflection 
in millimeters was calculated. Each 10 microvolt deflection on the record= 
ing paper represented 11.5 millimeters. From these data the equation for 
standardigation was obtained, All curves conformed roughly to the general 


equation: 
C = Ky log Ko/Ko-E 
where C is COo concentration in per cent, Kj and Ko are empirical constants 


and E is the microvolt deflection. Equation values for the curves of 19 
March are tabulated (Table 3). 
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FIG. 3 


STANDARDIZATION CURVES 
TIME EFFECT 


*-OXYGEN -—18 FEB. 
S-AiIn --——— 19: FEB; 
°o-OXYGEN —!9 MAR. 
O-AIR 19 MAR. 


TABLE 3 
CALIBRATION DATA FOR CURVES OF 19 MARCH 


In the above table, constant K, after establishment of 
Ko should have been unchanged with variation of © and & within the individ- 
ual series, The agreement was not perfect. Values at the higher concen= 
trations of carbon dioxide, 1.26 through 4.32%, closely approached theo= 
retical. The lower values were less predictable. Pure oxygen based 
values agreed more closely in the lower concentrations than did the air 
based values because the influence of the 0.03% COo in air lowered de- 
flection by decreasing the absolute concentration change of CO presented 
to the instrument. Lack of completely theoretical response with oxygen 
base at low concentrations may have been due to either inaccuracy of 
record interpretation or slight errors in Haldane analysis rather than 
the apparent sensitivity variation of the analyzer. 


In practice during subsequent work, the instrument has 
been standardized frequently and calibration curves have been run in con= 
junction with the metabolic experiments. 4 


'B. Results 
1. Laboratory Tests on Human Subjects. 


After calibration and standardigation of the apparatus and 
recording instruments, application of the technique to measurement of 
energy expenditure was undertaken on 3 laboratory subjects. The subjects 
wore an A~-13 oxygen demand mask, held in place by a "Juliet type" harness. 
This type of mask was chosen primarily because of its comfort and also for 
ite adaptability to field conditions, To the mask was attached a hose 
leading to the analyzer assembly. Through mask and hose, air was drawn 
at a rate of 102 liters per minute. An analyzer aliquot was drawn by the 
pumping system previously described. The 3 subjects were used to adapt 
apparatus and technique to human energy study primarily with field appli- 
cation in mind. 


a. Length of Main Line Hose, 


The problem of the optimum length of hose which could 
be led from a subject without adversely influencing analytical accuracy 
was encountered. Initially 20 feet of hose from mask to instrument was 
tried, With this arrangement there was a definite variation of CO» con- 
tent of the analyzed gases which corresponded with the subject's respir- 
atory exchange. The volume through the analyzer was constant but, as had 
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been expected, air passing through the mask was richer in carbon dioxide 
during expiration than during inspiration. No attempts were made to 
synchronize these concentration changes with respiratory excursion during 
this study: first, because of inherent machine lag and second, because 
some line mixing made for distortion of the record. For ease of calcula- 
tion and clarity of record a smooth curve was desired. This was obtained 
in two ways: (1) by use of a cyclonic type mixing chamber inserted in 
the analyzer flow line just ahead of the recording instrument, and (2) by 
use of a much longer (1,00 feet) lead hose from mask to machine. The 
latter method was adapted for field trials, the former for the laboratory 
work, Exercise curves obtained with 20 foot, 400 foot and 20 foot lead 
line with the mixer have been obtained. Each experiment was run on a 
different day and the time duration of each effort was adjusted by the 
subject to his ability rather than to a fixed schedule, There was no 
essential difference in average deflection produced by any type system. 
The variations seen are within the range of individual response to an 
exercise on repetition. A graphic interpretation of these data in terms 
of the average microvolt deflection during periods of rest, treadmill 
activity and recovery is given (Fig. 4). 


b. Comparison of Energy Expenditure. 


To compare energy expenditure between subjects, the C 
values obtained for each must be converted into caloric equivalent for a 
unit area of body surface over a definite period of time, Convention 
calls for expenditure per square meter body surface per hour or minute. 
Our subjects had been chosen as representative of the soldier group upon 
whom field studies were made, Their characteristics are tabulated 
(Table 4). 


TABLE 4 
PHYSICAL DATA OF LABORATORY SUBJECTS 


19 1.77 i 
20 190 5) a 2.02 
19 158 $* 13” 1.90 


Using the laboratory technique of a 20 foot lead line and cyclonic air mix= 
ing chamber, a series of treadmill exercises was obtained on each subject. 
The severity and duration of each phase of the exercise were made strictly 
uniform between subjects. From these data the energy expenditure of the 

3 men for each phase of the activity was compared. 


A representative curve from 1 subject (W.H.) is given in 
Figure 5. Deflection in microvolts on the tracing represents COj output 
during rest, level walking (23 and 5 mph), a recovery period, additional 
rest, grade walking (10%, 23 and 34 mph) and recovery. The type curve was 
typical of all, although actual quantity output of carbon dioxide depended 
upon the individual, Equilibration of microvolt deflection to per cent 
carbon dioxide for any point on the curve was obtained from standard values, 
The air flow rate was maintained constant at 102 liters per minute. All 
air passing through the system came through the mask. All COsrecorded was 
that produced by the subject. An outside air base line was used and stand= 
ardigation against air had been accomplished. Deflection of the recording pen 
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directly measured CO2 output. One gram of COg is equivalent to 3 calories 
(5). By calculation, microvolt deflection could be read as calories per 
minute. To compare subjects, values mist be made uniform by consideration 
of surface area. Figure 6 graphically compares the average caloric ex= 
penditure for each subject during each phase of the test exercise. The data 
are given as Calories per square meter body surface per minute. The value 
j in the figure as "rest" was evaluated by Haldane analysis in order 

© compare the infra-red method with a standard laboratory procedure. The 
comparison is given in Table 5, 


TABLE 5 
CALORIC EXPENDITURE AT REST, HALDANE AND INFRA-RED ANALYSIS 


Calories/M*/Hour 


5803 Sho 


True basal rates for men of the age group are 45 Calories/i*/Hour, there= 
fore, the rest period should be considered pre-exercise,. 


2e Field Trials. : 


The Medical Department Field Research Laboratory was re=- 
quested to determine the caloric expenditure of troops in mountain train- 
ing during the test of operational rations at Camp Carson, Colorado, 
September 1946 (OQMG Ration Test #4631). Energy experiditure studies were 
made on representative soldier subjects undergoing prescribed mountain 
warfare training. The opportunity was taken to give the infra-red gas 
analyzer a full field trial. This trial included not only a comparison - 
of the new technique with the standard field method of Douglas bag—Haldane 
analysis over terrain on which the latter could be applied (6), but also the 
the adaptation of the new technique to study of soldiers undergoing maneu- 
vers the energy requirements of which had not been previously assessed. 
Technically, the studied climbs were: (1) mountain walk, a climb over a 
marked trail upon which both new and old analysis techniques were practiced; 
(2) scramble, a difficult climb over loose shale rocks (3) belay, free 
climb up a perpendicular rock face utilizing hand and foot holdas and (4) 
tension, or mechanically assisted climbing up an overhanging rock face, 

In addition to these data, direct comparisons have been made between dif- 
ferent men undertaking identical activities, and also an assessment has 
been made of the influence of both confidence and experience on energy 
expenditure during mountain climbing training. 


a. Adaptation of Gas Analyzer. 


The selective gas analyzer and pumping equipment were 
mounted, for maneuverability, on a smal] trailer. The apparatus differed 
from the laboratory assembly in several respects: (1) a recording gas 
meter replaced the laboratory flow meter for registration of the rate of 
air flow, and (2) the machine had a different thermopile assembly from that 


used in the laboratory, 
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b. Lead Line Maneuverability. 


A method for conveying the lead line hose which extend 
ed between the subject and recorder was developed on the basis of cable 
and pulley rigging. Taut cables were drawn between objectives on the 
particular rockeclimbing terrain to be studied. Movable pulleys were 
mounted on the cables and from these pulleys was suspended the main line 
hose. A short lead of light hose connected the subject to the main line. 
Practically the entire weight of the hose assembly was supported mechanic-= 
ally, while the man on test was allowed maximum freedom. The trailer con- 
taining the analyzer and pumping apparatus was established at the cliff 
base. Four hundred feet of main line hose were arranged to reach each 
face to be studied. 


c. Subjects. 


Two subjects from each of 6 companies were used. The 
test companies were those of the ration study (Test of Operational Rations, 
Type E)(7). The subjects were approximately battalion average age, height 
and weight (Table 6). 


TABLE 6 
PHYSICAL CHARACTERISTICS OF SUBJECTS 


Weight Age Surface Area 
(pounds ) (years) (square meters 


The metabolism study was coordinated with the battalion 
teaching. schedule so that those men chosen were not deprived of their 
training, Each subject reported for energy expenditure studies according 
to a set schedule and was tested 3 times during the 1 month training period 
i.e., the lst week, 2nd week and 3rd week, The severity of the assigned 
climb was governed by the subject's instruction in climbing technique. 
Early tests were simple mountain walking. Later tests were precision | 
climbing, i.e., scramble, belay and tension. Some of the more ‘difficult 
phases of the study were made only on those members of the group who were 
considered by their military training instructors to be proficient. This 
policy minimized accidents. 
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d. Analyses. 


. Two methods of analysis were used: the field adaptation 
of the classical Douglas bag-Haldane analysis technique, and the infra- 
red analyzer. The Haldane values for oxygen and carbon dioxide, with the 
metered respired volume obtained from the Douglas bag, were used to com 
pute energy expenditure in terms of Calories per minute. The method of 
calculation for the infra-red analysis was identical with that used in the 
laboratory. Standard mixtures of carbon dioxide were used to establish 
calibration curves during the experimental period, The standardigation 
curves for the analyzer conformed to the equation previously noted. 


e. Comparison Between Haldane and Infra-red Analyses. 


A relatively rugged mountain walk was chosen as a standard 
effort for the subjects in order to compare the caloric expenditure values 
obtained by both the Haldane and the infra-red techniques. This course 
consisted of a 200 foot uphill path, the average grade of which approxi- 
mated 58 per cent. Douglas bag samples were taken at rest, during ascent, 
while recovering after ascent and during descent of the standard grade. 
Over the same course, at a different time, an infra-red analysis was made. 
The energy expenditure for each phase of the standard exertion for each 
subject is given in Table 7. Values obtained with the 2 methods were in 
Closest agreement at resting levels, Increased exertion gave outputs 
which were comparable in trend and average only. The discrepancy between 
the 2 methods is best explained as due to individual variation in energy 
expenditure by a subject upon repetition of the same effort. 


f. Comparison of Infra-red Analysis Curves Between Subjects. 


The analysis curves for output of COp> demonstrated rather 
close contour agreement between subjects when taken as initial exposure to 
@ particular type of exercise. In Figure 7 the analyzer curves, obtained 
from paired subjects undergoing 3 types of climbing training, are compared. 
They represent: (1) paired subjects undertaking quick time t120 steps per 
minute) and double time (180 steps per minute) marching; (2) climbing the 
200 foot mountain walk previously described; and (3) ascent and descent of. 
a 400 foot course of mountain walk and shale scramble. The curves have 
been superimposed. The elapsed times differ slightly. On both of the 
Climbs between ascent and descent there was a five minute "break" or re= 
covery period, | 


The 400 foot course was a continuation of the 200 foot 
standard grade, and consisted of an additional 200 feet of very difficult 
shale rock scramble, The grade was somewhat steeper than that of the 
previous effort. The carbon dioxide output, converted to Cals/i*/min, 
for the total course showed fairly good agreement between men (Table 6). 
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g. Terrain Familiarity (confidence) in Belay Climb. 


In the laboratory, repetition of the same exercise by 
a subject did not give identical energy distribution, for he was apparent~ 
ly able to govern his energy expenditure in accordance with anticipated 
need. In the field, familiarity with terrain gave the man added confi- 
dence which enabled him to perform an assignment in shorter time, at the 
game rate of caloric expenditure. In practice all comparisons have been 
made when the subjects had the same familiarity with a given terrain. 
Ideally, initial effort would have been preferable. To illustrate this 
point, we chose a difficult, totally unfamiliar climb and called for vol- 
unteers. Five of the 12 subjects agreed to undergo the test. Because of 
the hazard, the men were protected by a belaying line. This was a safety 
"check fall" rope from the man's body to an assistant above him in climb. 
No actual climbing aid was given by this rope, but its presence prevented 
serious falls. Each of the 5 volunteers made the climb (125 feet of perpen- 
dicular ascent) using only natural hand and foot holds. For all, it was 
avowed to be an initial attempt. Figures & and 9 picture the belay climb 
area with a subject and apparatus in ascent. Caloric expenditure and time 
requirements for the men are given in Table 9. 


TABLE 9 
BELAY CLIMB = CALORIC EXPENDITURE 


Surface 
Area 


Subject 
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On the second attempt at the same belay climb, required 
time was cut by one third without proportionate rise in energy expenditure. 
This improvement was the result of confidence. The role of experience | 
was checked on two men from outside of the test group. One of these was 
a mountain climbing instructor, end the other a presumably inexperienced 
"jeep" driver. Each volunteered to make the climb. The instructor 
attacked the climb immediately, made no false starts and completed the 
course in less than two thirds of the time required by the novice. The 
trained man's caloric expenditure was less than that of the untrained. 

In Figure 10 are records illustrating the influence of confidence and of 
experience. 


Re Climbing Under Mental Tension. 


The most difficult ¢limb in mountain training was the 
"tension" climb, so named because the subject was under stress while climb- 
ing. There were no hand holds or foot holds; the climber ascended by driv- 
ing steel pegs into clefts in the cliff face, and drew himself up from peg to 
peg by means of a sling rope. This climb was forbidden to the soldier 
subjects because of the danger, but the instructor who cooperated on the 
belay climb agreed to a demonstration, His energy expenditure was 
relatively low, and ascent very slow. During 10 feet of climbing which 
required 15 minutes, the caloric expenditure was 2,84 Cal/M2/min. 


i, Summary Values for Mountain Training. 


Summary values for energy expenditure of troops engaged 
= mountain training during the field trials are given in Table 10, 


TABLE 10 
MOUNTAIN TRAINING ENERGY EXPENDITURE (AVERAGES) 


Activity Cal Ak /itinute 

Rest (before exertion) Mes. 0.89 

Quick Time March (120 steps/min.) s 2,59 

Double Time March (180 steps/min.) » + 5,01, 

Free Climb and Mountain Walk + “Be 
(200' course & return) 

Aseent 3077 

Descent 2009 

Recovery (break period) 22655 

Free Climb and Scramble 2.25 


(4,00! course and return) ; 
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III, DISCUSSION 


A new technique for measurement of caloric expenditure during contin~ 
uous activity has been developed. Both laboratory and field trials have 
proved the adaptability of the Leeds and Northrup selective gas analyzer 
to the estimation of carbon dioxide in expired air. Caloric expenditure 
studies on men undergoing mountain warfere training have been accomplished. 
The new method offers instantaneous analysis and contimious records over 
protracted periods of exercise. These criteria have not been met by pre- 
vious methods, 


IV. CONCLUSIONS 


The Leeds and Northrup infra-red gas analyzer sensitised for carbon 
dioxide detection and equipped with an adequate pumping system for con» 


_ trolled air flow has been adapted to metabolic work and found satisfactory 


both in the laboratory and in the field. The A-13 oxygen demand mask in 
conjunction with long air lines carried by cable and pulley rigging offered 
a light weight, comfortable, non-restraining respirator for field study 
of energy expenditure. Energy output studies on representative soldier 
subjects engaged in mountain warfare training have been recorded. 


V. RECOMMNDATIONS 


The apparatus developed and tested is satisfactory for routine study 
of respiratory exchange, To obtain absolute fidelity, i.e. synchro# 
fization of recorded response with respiratory excursions, and continuous 
analytical records of oxygen utilization, should be the aim of subsequent 
investigation. 
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ABSTRACT 


OBSERVATIONS ON THE RELATION OF HEIGHT OF HEEL AND SUPPORT 
IN ARCH OF SHOES TO FOOT PHYSIOLOGY IN MARCHING TROOPS 


OBJECT ° 


To determine the value to foot health of support in the arch and 
heel of the feet of marching troops. The control shoes, army service 
shoe, Type III, and combat boots were compared with experimental shoes 
with a low heel and with those in which the steel shank support in the 
longitudinal arch had been removed. | 


PROCEDURE 


Recruits were selected at random on a voluntary basis and obser- 
vations made during a conditioning period and an experimental period. 
During both periods the troops were divided into a control and an 
experimental group and marched up to 13.5 miles a day at 3.2 miles per 
hour for 5 days each week. For the shankless shoe experiment, the 
troops wore their own "broken in" apmy service shoes, Type III, during 
the conditioning period; during the experimental period half the feet 
were equipped with standard service ,shoes, Type III, the other half 
with the experimental shankless shoe. For the low heel experiment, 
troops wore their own "broken in" combat boots during the conditioning 
period; during the experimental period half the feet were equipped 
with combat boots, the rest with the low heel experimental shoes. Foot 
lesions were determined twice daily. 


RESULTS AND CONCLUSIONS 


There was no essential difference between the effect of the con- 
trol and experimental shoes on the foot health of marching troops as 
evidenced by the frequency, type, duration, distribution, time of onset, 
and severity (march time lost due to iesions) of the clinical lesions 
present. 


_ In the shankless shoe experiment, the superficial lesions con- 
stituted 79 per cent of all lesions, the deep lesions 21 per cent; in 
the low heel experiment, superficial lesions made up 57 per cent of all 
lesions. The most common lesions were blisters, erythemata, calluses 
and deep pain. Most lesions were located in the toe, metatarsal, and 
heel regions. 


After the march period, both worn standard service and experi- 
mental shankless shoes were somewhat lower in the arch region, with the 
shankless shoe about 3 per cent lower. The shankless shoe had a consid- 
erably greater upward curvature of heel and toe, and a more flexible 
sole with manual manipulation. This factor gave the shankless shoe a 
less favorable appearance and possibly had a deleterious effect on the 
durability of the shoes. 
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That these investigations should also include studies of the 
dynamic foot-shoe relationship using motion picture X-rays. 
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HYSIOLOGY IN MARCHING TROOPS ~ 


‘I. INTRODUCTION | 
Innabitants of many countries wear some form of foot apparel for 
supportive and/or protective purposes. However, whether any of the — 
multiple types of footgear favors foot health as compared with a “bare- 
foot-to-ground" relationship has not been determined. hea 


Different types of shoes vary greatly in the degree of support* g ven 
to the foot. In the army standard service shoe for marching and walkin 
purposes (fig. 1), support is usually attained by (1) a heel which rais 


the posterior part of the foot above the forepart, (2) a shank (leather 
and/or metal) which elevates the longitudinal arch, (3) a stiff counter 
‘whach supports the sides of the heel, (4) an upward curvature of the © 
sides of the insole, (5) constriction or "girdling effect" of the late 
and medial aspects of the foot, and (6) sole rigidity. Ne cae cane Sa 


ns from va 
ldiers was 


ology, 
no specific information is available 


‘types of support (separately or in combination) indicated abov 

ficial to tne state of health of the feet of marching troops. 1 fc 
investigations were undertaken to test the role of support in foot 
neaith. The studies were restricted to consideration of the physiologi 
eal effect of the removal of the shank and of a decrease in heel height — 
of the shoe. These factors were tested by determining their effect on | 
the frequency, type, duration, distribution, and time of onset of clini- 
cal foot 1esions and on the ability of troops to march. es, 
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Sg pa? #The term, "support," is here used to indicate any construction char- 
acteristic of a shoe which alters the "bare-foot-to-ground" relationship. — 
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ment Training Center at Fort Knox, Kentucky, and a medical history pe 
physical examination taken. There were no significant physical disa- 

bilities and no past history of disease, injury, or abnormality which 

might lead to foot troubles. Special note was made of the extent of Sie 
previous marching or walking, foot complaints and injuries, the clinical ee 
foot type (27), presence of fungus infections, and other lesions. All 
lesions were treated to keep the subjects on the march. Fungus infec~ _ 
tions were treated with salicylic acid until arrested or cured. Blis- | 
ters, abrasions, and painful corns were treated with moleskin adhesive 
plasters, and occasionally blisters were punctured. 


Observations were made during a conditioning period and an experi- — 
mental period. During the conditioning period the subjects were divided 
into a control and an experimental group and all subjects marched 5 days © 
a week, The daily mileage was gradually increased from 5 to 13.5 miles — 
by 4-day intervals and maintained at the latter distance for the rest of. 
the period, The rate of march was about 3.2 miles per hour (116 thirty-— 
inch steps per minute) with 10-minute rest periods every 50 minutes, and 
an hour for chow in the field at noon. Foot inspections were made twice 
daiiy, immediately preceding the day's march and following a shower and © 
change of shoes at the end of the day's work. Occasional, unannounced 
inspections were made 5 minutes before or during a march. For each 
inspection the men were divided alphabetically into three groups which | 
were rotated through three examining medical officers. Careful check | 
was made on foot lesions arising from non-march activities during the 
evenings and over the week-ends, 


© The route of march, 13.5 miles in length, was carefully laid as to 

mens type of terrain, distance, avoidance of trafric, and facilities for = 
messing in the field. To insure that the men marched under all-weather 
conditions, three alternate routes were laid out including equal dis- 
tances of cross-country, hard dirt and gravel, and concrete; all over 
rolling terrain. The concrete surface was used only twice in each 
experiment. 


For the shankless shoe experiment during the conditioning period, 
the shoes worn by the troops were their own "broken in" service shoes, 
Type III, with reversed uppers and composition soles. During this 
experimental period standard service shoes were worn on both feet by 
group 1; on the left foot by group 3; on the right foot by group 4; 


*Constructed. by the Selby Shoe Company, Salem, Massachusetts, 
under direction of F. M. Gill, Office of the Quartermaster General. 


: To test the effect of louchast shoes the troops wore their own . 
- “"broken-in" combat boots during the conditioning period. During the 
experimental period the new experimental shoe was worn in which the heel 
height had been lowered by 1/4 inch. To do this it was necessary to 
construct a special shoe iast which corrected for the reduced height of 
the neel, a 


In case of snoe misfit (28), at the initial examination before the 
condition.ug period, other acceptable "broken in" standard service 
shoes or combat boots were substituted, The subjects were told that all 
Snoes worn during the experimental period were identical, In addition | 
to shoes, troops wore cushion sole socks (OD 73531824); HBT trousers, _ 
jacket and cap; cotton drawers and undershirt; pistol belt and canteen; 
but mo leggings or pack, Socks were changed and foot powder (No. 12040) © 
used before each day's march. The marching regime, foot inspection, ae 
shoe fittings, and supervision were identical in both experiments and 
in ali periods, 


The state of foot health was estimated by observing the anatomical 
location, frequency, and clinical types of foot lesions together with 
the march time lost because of these lesions, The lesions were recorded 
as (1) subjective (those felt by subject in his feet), (2) objective 
(those detected by the examination through observation, palpation, or. 
percussion), (4) superficial (those believed confined to the moveable 
fleshy parts of the foot, i.e., skin, superficial fascia and fat), and 
(4) deep (those apparently in the mscles, tendons, ligaments, fascia, 
periosteum, bones and joints). The differentiation into deep and super- 
ficial was determined by the physical findings and/or subjective reac- 

tions. The superficial lesions included blisters, caliuses, corns, 
abrasions, erythemata, contusions, ingrown nails, and plantar warts, 
Tne deep Lesions included deep pains*, sprains, and tenosynovitides. | 
The types of foot lesions found were limited to these eleven. 


The location of the Lesions in the foot and leg (see fig, 2) was | 
arbitrarily divided into 7 convenient anatomical regions: (1) toe, 
including phalanges and all overlying tissue, (2) metatarsal, including | 
metatarsals and all overlying tissue, (3) tarsal, including tarsals and 
ali overlying tissue but not the calcaneus and talus, (4) heel, includ- 
ing calcaneus and all overlying soft tissue, (5) ankle, including ankle | 
articulation, medial and lateral malleoli and their ligaments, the talus 
and ali overlying tissue, (6) lower leg, including tibia, fibula, and 


*The term, "deep pain," or "ache," as the investigators use it, 
refers to an aggregate of iesions consisting of metatarsalgia, digitai- 
gia, talaigia, Morton's syndrome, hypermobility of first metatarsal 
bone, painful heel (exostoses, osteitis, apophysitis, bursitis, fas- 
citis), haiiux rigidus, march fracture, metatarsal arch depression, and 
nee scapnoid, 


listed. as nol located in the next sential: att 


FIG’ 2 
ANATOMICAL REGIONS 


At the end of the axperinect in which shankless shoes were used, 
foot-in-shoe X-rays were taken to determine the relative amount of sag 
of the foot and ste in the arch region. To do this, two lines were | 
drawn with 35 per cent barium sulfate in collodion: (1) a skin line 
_~@long the median plane of the plantar aspect of the foot extending f. from 
the heel to the region underlying the head of the third metatarsal, (2) 

a shoe line following the mid-line of the shoe's inner sole (fig. 3). ee 
These two 1. lines, separated only by a cushion sole sock, overlay each sete 
otner. Measurements (using dividers and an accurate metric scale) were 
taken of the distance of these lines above the base or ground line. Bis: 
The most posterior point was the notch formed by the front edge of the _ 
é& heel insole. The other three points were selected at 1 cm. intervals 
eS in front of this. 


X-ray measurements were not considered necessary in the experiment 
in which low~heel shoes were tested because the difference in heel 
height was easily demonstrated and measured. 


All cases wnich exhibited symptoms or findings which might have 
been attributed to march fractures were thoroughly studied, making use | 
of repeated X-rays as well as daily physical examinations. No march 
fractures were encountered in either experiment . 


Throughout the experiments strict military discipline was main- 7 
tained over the subjects. Except during actual marches neither experi- 
mental nor control shoes were worn; low quarter shoes with cotton socks 

were worn off march, Passes were granted from Friday evening to Sunday 
evening. <A standard army diet of 3500 calories per day was provided; 
water and salt were taken ad lib. Smoking was permitted at alltimes 
except when marching at attention (on concrete roads), A medical offi- 
eer _— each: wala to ) insure strict serene with the — au 
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The physical data on the troops and the weather encountered 


are contained in Table I and 


days, the experimental period 34 days. 


fig. 4 The conditioning period lasted 24 


trol group, 37 in the experimental group. 


Age, Height 


Table 1 


and Weight Data 


There were 41 feet in the con- 


Group 


3 
4 


‘Average 


is. 


Height 


161.2-185.2 


164.2-186 
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4,“ Inittdal_and final foot inspections. The incidence « 
various clinical types of feet {s indicated an Table 2. 1 Jori 

fall in the "normal" group. inve 
tional shoes. Initially, clinical and laboratory examination show 


epidermophytosis to be present in 87 per cent of the subjects. The 
initial and final clinical foot inspections revealed relatively few 


was 16 versus 11; finally, 30 versus 28. (For further details see 
Appendix 1.) gon 
Table 2 


Clinical Tyoes of Feet 


ae vont rot Grou Experimental Group — 


"Normal" 
Asymmetrical Heel 
Long Toes 

High Arch 

Lean Foot 

Fleshy Foot 


2. New Lesions. Comparison of the two groups in the condi- _ 
tioning and experimental periods is contained in Taodle 3. In the e: 
experimental period as compared to the conditioning period, the new 
lesions increased in both groups. However, on the basis of new les- 
ions per day and per foot, the relationship of the values for the 
troops wearing shankless shoes (experimental group) to those for the _ 
control group did not differ significantly, either in the individual © 
periods or in the averaye for both ple cesta (Further details are in 
Appendix a, ) 


4 


} 


|. Table 3 


; e BS 1, Data 
onditioning {Experimental 
. 1 eeriod Period 

Feet RG eS Ad 37 
Days 24, 2k 34, 34, 
March Days of Lesions 304 6 ; 
Week-end Days of Lesions 73 
Total Lesion Days 403 
New Lesions 97 

Per Day# 4, 

Per Foot ae 

Av. Duration Daysi+*« Red 

Av. Duration Days Per Foot**# 7.6 
Total Lesions 30k 

Per Day* 12.7 
Type, Superficial 77 

Blister wef 

Erythema 10. 

Callus 6 

Corn. | es 

Rest. es 
Type, Deep 20 

Pain 128 

Rest. e 
Type 

Objective al 

Subjective » 

Objective and Subjective 67 
location Raat 

Toe | Ak 

Metatarsal 4°34 

Heel 33 

Rest i 8 


*Calculated in preportion to number of feet in group. 
*#Based on total lesion days. 
**##M¥arch lesion days divided by feet in group. 


82 
58 


Both 


io 


7h 
58 
576 
166 


Fig. 5A compares the incidence of new lesions from day 
to day for both groups and periods. There is no essential difference 
between the experimental and control group curves in either period as 
to pattern or frequency of lesions. No correlation exists between the 
During the 
conditioning period, as the length of march increases from 4.8 to 13.5 
miles per day, the number of new lesions per day increases mildly from 
O and 1 in each group on the first day to maximum values of 10 and & 
during the last half of the period, but the final values for each group 


times of increase in mileage and the incidence of lesions. 
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wae WwW rept ‘Sevale with the curve for the ape mectal group tempor rily 
somewhat higher, but after the fourth experimental day (29th day), 
values are well within the range of those obtained during the conditio 
ing period where they remain for the rest of the experimental period. 
_ Forty-three per cent of all lesions starting in this 34-day period aR 
peared within! - first 5 days. “ 


3, Total Lesions*. Comparison (Table 3) shows that the | 
total lesions and lesions per day in the control group were greater in 
both periods. However, during the experimental period, the wearing of | 
the shankless shoe increased the number of lesions more than did the _ 
use of the new standard service shoe so that the ratio (control/experi- 
mental) in this period and the average for both periods decreased mild- 
ly as es to that existing in the conditioning period. ben Anpen 
dix 1, 


The curves for the control and experimental groups app 
. mate the same height (except during the last half of the conditioning 
period), and follow the same general pattern during both periods 
(Fig. § B). Again, there is no correspondence between the changing — 
. mileage per day and the number of lesions per day. During the conditio 
ec ing period the total lesions increase to maximum levels of 10 to 20 at 
ays about the 14th day, at which level they are roughly maintained with the 
group wearing standard service shoes being maintained at the higher 
level. During the experimental period the lesions in both groups in- 
crease to reach a maximum of 25 to 30 per day during the first 5 days, 
and thereafter fall progressively to vélues of 5 to 10, approximating 2 
the values existing during the early part of the cond it ioning period. 


ie i 4. Clinical Types of Lesions. The data on the more frequen 
ne ly occurring types are summarized in Table 4. Superficial lesions pre- 
dominated in each group during both periods, averaging 79 per cent of 
all lesions. Blisters and erytnema made up 86 per cent AG and 15, 
respectively) of all superficial lesions. 


Deep lesions nade up 21 per cent of all lesions. Of 
these, pain predominated in both groups and periods constituting 97. per a: 
-» cent of the deep eae heeds 


In the two periods, considered separately or averaged 
together, the incidence of the more commonly occurring superficial or 
deep lesions compared favorably in the control versus the SXpRTEOMRTES 
group. (See Appendix 1 for details.) 


- #These data include all lesions regardless of whether they started _ 
in the eons: soni ne or Fe chk orale periods. | 


Sie : eo29 
— ese ~ ~—  oe “ 


In.both groups most of the iesions were 4 combination of 
Subjective and objective types, and in each period the ratios for the 2 
groups were comparable (Table 4). 


Tabie 4 


Clinical Nature of Lesions 


Superfi- 
cial or 


ciai or 


Deep Deep 
PS  JoOMnS SioOns €Sions 
& 2a" Bee eee eae Sars 
- 
SuperficlaL 
Biister 68) T2 
Eryt nema 20:1 16 
Callus 5 7 
Corn “ P 
Rest 5 4 
Deep ; 
Pain 95 | 100 
Rest 5 0 
B, Percentages of Objective and Subjective Lesions 
Type 
Objective 
Subjective 


Obj. & Subj. 


5. Duration of Lesions. The considerable increase during 
marching of the total number of iesions existing each day is related to 
the data in Table 3 and fig. 6, showing that the duration of the various 
desions was considerable and varied from 2 to 8 days, with the average 
approximating 4 days, The average duration of lesions in days and the 
average lesion days per foot increased in both groups during the experi- 
mental period, but the ratios of these values were roughly similar in 
both tne conditioning and experimental period. Although, as already 
indicated, the frequency of the superficial iJesions was approximately 
four times that of the deep lesions, the duration of the deep lesions 
was in tne range of that of the superficial lesions for both periods. 
Again, for both superficial and deep lesions, there was no essential 
difference between the values averaged for both periods for the control 
versus the experimental group. . 


AVERAGE DURATION OF COMMON LESIONS 
BOTH PERIODS 
C1} CONTROL GROUP 


EXPERIMENTAL GROUP 
MB TOTALS FOR ALL LESIONS 


AVEAGE DURATION IN DAYS 
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bution of lesions by region and type. Three regions, toe (40%), meta- 
tarsal (38%), and heel (13%) contained 91 per cent of all lesions with © 
very little difference in the figures for the different periods and _ 
groups considered separately or together. Superficial lesions predomi- 
nated in ali regions; the deep lesions were almost entirely restricted _ 
to the metatarsal region. In the toe and heel, 99 and 95 per cent of 
the Lesions were superficial. In the metatarsal region, 72 per cent _ 
were superficial; of the deep lesions, 9&8 per cent were pain. Inthe ~ 
above three regions, blisters and erythema made up 87 to 88 per cent of _ 
_ phe superficial iesions, (See. Appendix i. for detaileaw wf. Ss 


Table 5 
Location of Lesions 


Conditioning Period | Experimental Period Both Periods 


puperiiciaidj Ali Le- p @-  Buperficial All fe- 
Lesions--% | sions--% fesions--% pions--Z esions--%| sions--% 


99 | 100 ae 


carseil 9G 3 <0 ea yan 


ss the first quarter of the experimental period. In neither period 
was there evidence that any specific region developed its lesions at a 
Significantly different time than any other region. None of the common 
superficial or deep iesions developed significantly earlier in one 
region tnan anotner. (See Appendix 2 for details.) 


Table 6 


Time of Appearance of Lesions 


: Conditioning Period (%) 


Toe 


GSH B& 


Metatarsal 


Heel 


0 
12 
36 
45 


Rest 


8. Ability to March. From Table 7 it is apparent tnat the © 
percentage ioss by march Lesions was very smali and never exceeded 1.6 _ 
per cent. In both periods tne loss in tne experimental group was some- — 
wnat iess. ce 


Table 7 
Abiiity to March 


Conditioning Period Experimental Period 
[Ss (“ss Mi heage Per Foot® [Ss (“ss Mi heage Per Foot® Per Foot* Mileage Per Foot* 


ae 
Group Planned {Actual | by Planned jActual | 
in 
3 i 2s j Lesiong 
90. >| 1.6 
89.7] 0.4 10. 0 
es tES gat: Meares in parentheses indicate distance in ane: All other 
_ Figares. indicate. erc prec ee aeee gare 
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measurements pee 
_ When new, both the standard service type and the shankless shoe approxi 
mated 3.3 cai. from shoe line to base (ground) line in the arch region, 
with the snankless shoe being about 1 mm, lower throughout. The iatter 
can be explained by a relative inadequacy of "ieatherboard-heel-seat—_ 
filler,” ana "ground cork filler," used between ijayers of sole as com 
pensation for thickness of the missing steel shank, After use, both | 
types were depressed in tne arch region, but the old shankless shoe 
dropped somewnat more so that the shoe Line in this ste type was ap- 
proximately 4 per eent closer to the ground than was that for the stand. 
ard service shoe. The relationship between shoe and skin Line was fair. 


iy constant, irrespective of whether the shoe was new, old, standard, o: 
shankless, | 


Table & 


X-ray Studies 
Base to Sole Base to Skin 


Difference | 


re) A ee ee 
NeW anaara |3.57]3.5413.40] 3.24 3.67] 3.561 3.3 | 


Olid 
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Sag 

‘New 
Shankiess 

Oid 


iS Shankiess 


Sag 


Tit. Resuits 
B. Low Heei Shoes, 


Forty-one subjects, divided into a control and experimental om 
group, waiked for <5 aays during a conditioning period toliowed by a 27- a 
Gay experimentai period at the rates and distances per day indicated in b 
Part A, The recruits naa just compieted tneir basic training (8 weeks ) 
at Repiacement Training Center, Fort Knox, Kentucky, wnere tney nad on 
Occasion waiked li-l< miies per aay. The pnysicai data on the men, 
their leet, and tne weatner conditions encountered are in fable 9 and 
fig. 7. The concrete route was used on two days because of the muddy 
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oe MAXIMUM TEMPERATURE (T F*) 
e--@ RELATIVE HUMIDITY (RH } 

X MUODY, TERRAIN 

0 ALTERNATE ROUTE 
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Table 9 


Age, Height, and Weight Data 


es Hotgrt (ca. ) 
Group Range Range 
Control . Con 19.4 | 1466.5~-186.9 53.9-86.9 


peri~ 
eental | 17-25 | 20.5 [as2.s-uae.9 | 17, 


4. Initial and Final Foot Inspection. There ieee no foot oe 
types in need of correctional shoes (Table 10). The initial foot les-_ 
ions were few and trivial (78 per cent nad epidermophytosis). In the 
final foot inspection there were only 3 iesions in the control group aaa 

4, in tne experimental group. Ali except one (a corn) were deep pains in : 


the metatarsai, neel, and ankie region. (See Appendix 3.) 
Table 10 


| Clinical Types of Feet ae 
Type Control Grouping Experimental Grouping 


"Normal" ee oe tg 
Low Arch eg ak 
Elevation of Toes 
Asymmetrical Heel 
Lean Foot : 


ay, of 
= perimental period. pl wens fet when the new shoes were ey b 

used. During these 3 days the new lesions averaged 14.3 and 15.6 pe 
day and constituted 51 and 57 per cent, respectively, of all lesions 
occurring in the experimental period. However, both curves decrease 
within a few days to approximate the control values. : 


Table 11 


Basic Data 
Conditioning] Experimenta 
Period Period 


Feet 
Days 
March Days” of Lesions 
Week-end Days of Lesions 
Total Lesion Days 
New Lesions 
Per Day* 
Per Foot 
Av. Duration Days** 
Av. Duration Days Per Foot#*x 
Total Lesions 
Per Day* 
Type, Superficial 
dee Blister 
; Erythema 
Callus 
Com 
Rest 
Type, Deep 
Pain 
Tenosynovitis 
Rest 
: | Type 
Se. Objective 
pee Subjective 
Objective and Subjective 
Location 
Toe 
Metatarsal 
Heel 
Rest 
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*Calculated in proportion to number of feet in group. 
**Based on total lesion days. 
seaMareh gaeton sens divided sul feet in group. 
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Fig. 3 iliustrates that the common sapestiati <a 
lesions tasted from 2 to 1lé days with the average approximating 53 


considerably greater in the control group, but during the experimental 
period tnis increased by 43 per cent for the experimental group, as — 
compared to 2 per cent for the control group. es 


3. Total Number of Lesions Each Day. The curve for the | 
control group (fig. = is considerably higher (7th-34th day) than zs 
that for the experimental group but the patterns of the curves are 
roughly similar throughout,’ and elevations of the curves appear at th 
same times as in Fig. 3A. There is no definite correspondence be-_ 
tween an increase in distance marched per day and the numer of lesions 
per day. Each group had approximately 60 per cent more lesions exist— 
ing in tne first 10 days of the experiment than in the remaining 17 — 
days. During the iast 17 days of this period (29 per cent of the total 
mileage) tne experimental group had an average of 8.4 lesions existing 
per day. 


During the conditioning period the lesions per day in the 
control group were considerably more (16.0 versus 9.3), but this dif- 
ference decreased considerably during the experimental period (15.1 
versus 11.7) iargely because of the increase in tesions in the experi-- 
mental group (Table 11). (See Appendix 3 for details.) 
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4. Clinical Types of Lesions and Their Frequency. In both 
groups and periods $7 per cent of the iesions were superficial, 43 per 


cent were deep (Table 12). The incidence of both the superficial and 
deep Lesions in the control aad Saad bes cadet scam groups compared 
_favoracly in both periods. pe: 


oN ee EE I ae cee ; Se ee 


Of the Deerficiel fetta Piiat ens Oat ee 
Aas. and the deep lesion, pain (37%), predominated in both periods 
and groups, and made up 85 per cent of all lesions. Blisters and ery- 
thema made up 86 per cent (52 and 44) of all superficial lesions, and 
deep pain constituted 86 per cent of the deep Lesions, (See Appen- 
dix 3 for details.) 


Table 12 
Clinical Nature of Lesions 


A. Percentages of Saperseciel and Deep Lesions 


e 

Superficial 
Biister 
Erythema 
Calius 
Corn 
Rest 

Deep 
Pain 
Tenosyno- 

vitis 

Rest 


B. 


Conditioning 
Period 


Scenes 
Period 


Objective 
Subjective 
Obj. & Subj. 


5. Anatomical location of Lesions. The toe (29%), metatar- 
sal (37%), and heel (9%) regions contained 75 per cent of all lesions. 
For these regions the relative values tor the control versus the experi- 
mental groups remained fairly constant in both periods (Table 13). Al- 
most ali lesions in the toe region were superficial, the values for the 
periods and groups varying only from 94 to 100 per cent. In the meta-~ 
tarsal arid neel regions 54 and 51 per cent, respectively, of the Lesions 
were Superficial. During the experimental period the percentage in- 
creased tor the control group in both regions, while for the experimen- 
tal group the percentage increased in tne heel region and decreased in 


48 


6. 


iod in both groups, 


Time of Appearance of Lesions by Region and Type. 
of the iesions appeared during the middle half of the conditioning per- 


averaging 80 per cent for the control group and 68 


the metatarsal region. 


Location of Lesions 
Conditioning Period neapentel Period 


Table 1 3 


per cent for the experimental group (Table 14). 
tal period 70 per cent and 63 per cent of the lesions in the control 
and experimental groups, respectively, appeared during the first 7 
days. There was no indication that any specific region developed its 


desions at a different time from any other region, or that there was a 
preferential region for early development of the common superficial or 
(See Appendix 4.) 


deep lesions. 


Toe 
Metatarsal 
Heel 

Ankle 


Rest 
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Time of Appearance of Lesions 


z Conditioning Period Experimental Period 
P be19 | 19-25" | 7-20 | 
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Table 14 
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(Further details are in Appendix 3.) 
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Table 15 
Ability to March 


Conditioning Period Experimental Period 
ir Wileage Per Foot® Mileage Per Foot* _ 


2sions 3 sions 8 $1 
Control |(280)100| 95.9] 1.6 oe 5 ; 95.8 1.0 
Experi- 
mental |(280)100] 97. ¥) 0.8 a See | (464.5)100} 95.2 int 


*Figures in parentneses indicate distance in miles, All eee 
figures indicate percentage. th. eee 


8. Effect of Marching on Shoes. Visual inspection and mar 
dation of the two shoe types revealed very little difference as to g 


eral coats degree of curvature of heel and toe, and flexibility 
shoe. 


ian 


IV. DISCUSSION 


The incidence of tenosynovitis in both groups of the experiment 
with low-heel shoes deserves expianation., During the conditioning 
period, each group had 6 cases of traumatic tenosynovitis distributed — 


in the metatarsal, ankle, and lower leg regions. During the ate oe 


tal period, 8 cases of tenosynovitis occurred in the control group as _ 
compared to 1 in the experimental group. These iesions are believed to — 
be caused by the "broken in” combat boots worn during the conditioning _ 
period, since (1) tne preceding experiment had only one such case, (2) 
removal of a pressure point from the cuff of the boot caused sympto- 
matic improvement, and (3) most of the iesions in tne experimental 
period represented reactivation of oid iesions. 


Except tor minor differences, the resuits obtained using shankless 
Shoes and iow-heel shoes are similar and will be considered together. 


‘It is believed tnat tne initial period achieved adequate condi- 
tioning of tne subjects and estabiisned tneir comparabiiity. In tnis 
period, tne control and experimentai groups snowed comparable suscepti- 
bility to tne development of new iesions, and the nature ami location 
of the lesions produced failed to indicate significant differences in 
the reaction patterns for the two groups. During the last few days of 
the conditioning period, the declining incidence of specific lesions, 
togetner with the daily observation that the subjects no longer showed 


™ 
‘ 


evidence of muscular fatigue or soreness either generally or in the 
legs and feet after marches, indicated that for practical purposes 
conditioning nad been achieved, Therefore, any actual further statis- 
ticaliy significant divergence in lesions in the two groups in the 
experimental period should be attributed to the different principles 
‘of support embodied in) the two shoes. 


The number of new lesions per day and the total lesions existing 
each day increased considerably in both groups during the first few 
days of the experimental period. The increments were statistically 
Significam. However, this can be attributed to the "breaking in" 
process of the stiff new shoes, since each group wearing different shoe 
types showed tnis same response and no significant difference existed 
between tne group wearing standard service shoes and those with shank- 
dess shoes or with iow heels. For the remainder of the experimental 
period the incidence of lesions in the two groups was roughiy similar, 
the values approximated or were less than those in the iatter stages of 
the conditioning period, and the types and locations of the lesions 
were essentially the same for the two groups. Finally, there was no 
Significant difference between the effect of the two experimental shoe 
types on the foot health of the marching troops as evidenced by the 
type, number, duration, location, and severity of the lesions and the 
ability of the troops to march. 


not detrimental to the health of the feet of marching troops. However, 
it remains to be determined by how much the shank removal actually 
affected the support of the feet and whether the tests used for both 
types of experimental shoes were adequate to determine the state of 
foot nealth, As shown by X-ray, although both standard and shankless 
shoes were somewhat lower in the arch region after the march period, 
the latter were only about 3 per cent lower than the standard shoe, 
certainly not a large difference. On the other hand, comparison of 
both types of shoes indicated the worn shankless type to have a greater 
upward curvature of the heel and toe, and manual flexing showed that 
the worn shankless type was appreciably more flexible in the sole and 
probably iess capable of support. However, accurate gauging of this 
factor is impossible by manual means, and the X-ray measurements are 
based on a "static shoe” when the subject was standing and cannot be 
taken as evidence of what takes place in a "shoe in action," 


No tests were made to determine what dynamic or static changes, 
if any, took place in the bones and their relationship in the feet. It 
is obvious that such changes might well exist and contribute to the 
pathology of the feet. Therefore, the possibility must be entertained 
that more critical tests might well reveal significant alterations in 
the feet at the mileage walked in these experiments, or that considera- 
ble prolongation of the mileage per foot might bring to light corre- 
lated changes in foot physiology and in the shoes worn as revealed by 
present or additional tests. 


2 


: = 
shoes with a Low heal: "and with those in which steel shank support ain 
the longitudinal arch had been removed, | 


During the first few days of the experimental period, when the eh 
shoes were new, the highest incidence rates of lesions were renee. for = 
both control and experimental groups. . 


There was no essential difference between the effect of the con-_ 
trol and experimental shoes on the foot health of marching troops as 
evidenced by the frequency, type, duration, distribution, time of ons 
and severity (march time lost due to lesions) of the clinical lesi 
present . 


In the shankless shoe experiment, the superficial lesions cons 
tuted 79 per cent of all lesions, the deep lesions 21 per cent; in th 
low-heel experiment, superficial lesions made up 57 per cent of all 
tesions. The most common lesions were blisters, erythema, callus, and 
deep pain. Most lesions were located in the toe, metatarsal, and heel 
regions, 


After the march period, both wom standard service and experine 
tal shankless shoes were somewhat lower in the arch region, with the — 
Shankless shoe about 3 per cent lower, The shankless shoe had a con: 
erably greater upward curvature of heel and toe, and a more flexible — 
sole with manual manipulation. This factor gave the shankless shoe a 
dess favorable appearance and possibly had a deleterious effect on the 
durability of the shoe. os 


What more critical tests involving dynamic or static changes in 
bones and their relationship at the same or greater marching distances 
will reveal, remains to be determined. 


VI. RECOMMENDATIONS 


That further studies in support be carried out, testing the other 
regions of support and their possible combinations. 


That these investigations should also include studies of the 
dynamic foot-shoe relationship, using motion picture X-rays. 
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ABSTRACT 
PLASTIC EAR MOLD FOR COMMUNICATIONS EQUIPMENT 
OBJECT 


To investigate the local physiological implications of the utiliza- 
tion of plastic ear molds for communications equipment. The problem 
included (1) possible injury to the ear from physical trauma, blast con- 
cussion Pease: discordant radio reception and manual manipulation of 
molds; (2) consideration of the comfort of such molds in extreme cold and 
hot climates; (3) consideration of the production of a universal type 
plastic ear mold for all subjects. 


RESULTS AND CONCLUSIONS 


Moderate physical blows to an inserted mold produced pain and ery- 
thema within the external auditory canal. Because of the rigid structure 
of the subject device, a more severe or heavier blow might possibly fracture 
the bony structure of the external auditory canal. 


The plastic ear mold HS-30 receiver headset combination, in which the 
mold canal is occluded, afforded a partial protection against temporary 
hearing loss from concussion of gunfire but this protection disappeared 
when the ear mold was used without the attached HS=30 receiver headset, in 
which the mold canal was patent. 


Temporary hearing loss from field radio communication was less with 
the plastic ear mold HS-30 receiver headset combination than with the tank 
headset H16/U. A greater signal to noise ratio of field radio communica- 
tion was noted with the plastic ear mold HS-30 receiver headset combina- 
tion than with the tank headset H16/U because a lower volume control set- 
ting for adequate reception was required. 


Kioderate manual manipulation of the plastic ear mold or its use in 
extremes of environmental temperature produced no injury to the ear, 


A satisfactory universal plastic ear mold was not obtained because 
of the variations in anatomical characteristics of the individual ear. 


RECOMMENDATIONS 


The plastic ear mold is not recommended for general use, but may be 


_ suitable for individual use in specialized situations. 


Submitted by: 
Joseph H, St. John, Capt., UC, 


dérick J. Knoblauch 
Lt. Colonel, M.C, 
Commanding 
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FOR COMMUNICATIONS EQUIPMENT 


PLASTIC EAR 


I, INTRODUCTION 


This project was initiated to investigate the local physiological 
implications of the utilization of plastic ear molds for communications 
equipment, The problem included (1) investigation of possible injury to 
the ear from physical trauma, blast concussion dynamics, discordant radio 
reception and manual manipulation of molds; (2) consideration of the com- 
fort of such molds in extreme cold and in hot climates; (3) consideration 
of the production of a universal type plastic ear mold for all subjects. 


This report completes the investigation directed by the Office of 
The Surgeon General, letter dated 12 September 1946, MEDDH, "Plastic ear 
molds for communications equipment." : 


II, EXPERIMENTAL 
A, Apparatus and Methods 


The basic apparatus used in the above tests consisted of plastic 
ear molds (Fig. 1) fabricated at this laboratory according to the method 
outlined by Lt, Col. G, A, McCracken (1) and a standard receiver headset, 
HS=-30, adapted for rapid fastening to the plastic ear mold. 


To determine possible injury to the ear from physical blows, 
pressure was applied with the fingers at various angles to the body of the 
molds inserted into the ears of 8 subjects. Upon complaint of discomfort 
or pain, otoscopic examinations were performed. An otoscopic examination 
was performed on one subject 24 hours after he received an accidental blow 
over both ears while wearing plastic ear molds under a thin cotton helmet. 


Hearing loss from concussion of gunfire while wearing plastic ear - 
molds was determined in the field at Fort Knox, Kentucky. Normal base 
line audiograms of 5 subjects were compared with audiograms on the same 
subjects taken immediately following exposure to the blast concussion of 
3 successive rounds of a 90 mm. gun with the subject 20 feet behind and 
facing the mazle. A Standard Maico audiometer with 10 pure tone frequen- 
cies from 128 to 11,584 cycles per second was used for measurement of hear- 
ing loss. The experiment was done in triplicate under each of the follow- 
ing conditions: (1) with the plastic ear mold and HS-30 combination in 
right ear and the left ear open; (2) with the plastic ear mold and HS~30 
combination in left ear with the right ear open; (3) with plastic ear molds 
in both ears without the attached receivers (mold canal patent). 


Hearing loss and rate of recovery to the normal base line audio- 
gram under field radio communication were determined in the field at Task 
Force Furnace, Yuma, Arizona. The radio receiver and transmitter were of 
the BC=620 type. Immediately following a 2 hour period of radio communi- 
cation, audiograms of 3 subjects were taken and again at 30 minute, 2, 4, 
and 24 hour intervals. Duplicate tests were done on each subject to com= 
pare plastic ear mold HS-30 combination with the standard tank headset 
H16/U. Signal readability was maintained constant by the subject when 
using the two types of headsets by adjustment of the receiver volume con- 
trol. 
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ie ‘Possible damage to the ear from manual manipulation of the 
plastic ear mold was determined in & subjects. Separate auditory histo~ 
ries and otoscopic examinations were done before and after each of the 
following test conditions: (1) 48 hours of continuous wearing of the 
molds, the subject inserting and removing the molds without prior 
instruction; (2) a daily 8 hour period for 5 consecutive days, with the 
molds correctly inserted and removed every half hour; (3) a daily & hour 
period of continuous wearing of molds on 5 consecutive days, with the 
molds correctly inserted and removed, 


ea 


Comfort of the plastic ear mold, in both arctic and desert tem= 
peratures was evaluated.* Three subjects wore the plastic ear molds under 
arctic conditions at Fort Churchill, Canada during the winter 1946-1947; 

L subjects wore them an average of 4 hours daily for a period of 2 weeks 
at Task Force Furnace, Yuma, Arizona, during June-July 1947. 


In considering the possibility of developing a universal plastic 
ear mold each of 10 subjects received trial fittings of 10 different pairs 
of plastic ear molds made to fit other subjects but not specifically de- 
signed for these subjects. Their degree of fit, comfort and acoustic seal 
was ascertained, 


B, RESULTS 


Physical blows produced various effects on the ears into which 
plastic ear molds were inserted. Moderate pressure, on the body of the 
inserted mold, in the direction of the auditory canal produced no pain or 
evidence of injury (otoscopic examination); at all other angles, it pro- 
duced discomfort. Heavy pressure produced pain and a resultant transient 
erythema of the auditory canal (otoscopic examination). Moderate erythema 
of the external auditory canals was noted in the subject who had received 
an accidental blow to both ears 24 hours prior to otoscopic examination. 


Audiometric curves, following exposure to blast concussion, showed 
a partial protection against temporary deafness with the subject wearing 
the plastic ear mold HS-30 receiver headset combination but this protection 
disappeared when the plastic ear molds were worn without the attached H5-30 
receiver headset, that is, with the mold canal patent (cf. Figs. 2 and 3). 


Tests under field radio communication showed that a lesser tempo- 
rary hearing loss was produced when using the plastic ear mold HS+30 
receiver headset combination than when using the tank headset H16/U, How- 
ever, audiograms with either type of headset approximated the control 
levels within 4 hours after the 2 hour period of radio communication 
(Fig. 4). For the same readability of reception, the volume control of the 
receiver averaged one fourth open when using the plastic ear mold HS-30 
combination as compared to one third open when using the tank headset H16/U, 


* Fort Churchill, Canada, day temperature range iO -4g 280" FT, 
Yuma, Arizona, day temperature range 100° to 120° F, June-July, 
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Slight soreness of tne en 
~sertion and removal. 


No discomfort or auditory lesions from wearing plastic ear molds 
under the two extremes of environment were noted. One subject in the 
arctic climate preferred the plastic ear mold HS-30 combination over other 
standard headsets because of greater comfort, less bulk under the Parka 
Hood and better radio reception. 


No satisfactory degree of fit, comfort or acoustic seal was 
obtained in the 10 subjects who had each received trial fittings of 10 dif- 
ferent pairs of plastic ear molds, The reason for this is evident from 
examination of the shadowgraph tracings (2) in Figure 5 of a representative 
group of molds. The variations in size and contour of different molds 
represent anatomical variations of different ears, These anatomical 
differences are not easily deformable by the insertion of foreign molds 
without resultant discomfort or damage to the external ear. 


II, SUMMARY AND CONCLUSIONS 


Moderate physical blows to an inserted mold produced pain and ery= 
thema within the external auditory canal. Because of the rigid structure 
of the subject device, a more severe or heavier blow might possibly 
fracture the bony structure of the external auditory canal. 


The plastic ear mold HS~30 receiver headset combination in which the 
mold canal is occluded afforded a partial protection against temporary 
hearing loss from concussion of gunfire but this protection disappeared 
when the ear mold was used without the attached HS-30 receiver headset in 
which the mold canal was patent. 


Temporary hearing loss from field radio communication was less with 
the plastic ear mold HS-30 receiver headset combination than with the tank — 
headset H16/U, A greater signal to noise ratio of field radio communica~— 
tion was noted with the plastic sar mold HS=30 receiver headset combination 
than with the tank headset H16AJ because a lower volume control setting 
for adequate reception was required, 


Moderate manual manipulation or use in extremes of environmental 
temperature produced no injury to the ear, 


A satisfactory universal plastic ear mold was not obtained because 
of the variations in anatomical characteristics of the individual ear, 


IV, RECOMMENDATIONS 


The plastic ear mold is not recommended for general use, but may be 
suitable for individual use in specialized situations. 
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ABSTRACT 


EFFECTS OF THE COLD PRESSOR TEST ON 
GLOMERULAR FILTRATION AND EFFECTIVE RENAL PLASMA FLOW 


OBIECT 


Studies were made of the effects of the cold pressor test on renal 
function. Seven male volunteers who had no history of renal disease 
served as subjects. Glomerular filtration (as measured by mannitol 
clearance) and effective renal plasma flow (as measured by sodium para- 
aminohippurate clearance) were determined before, during and after 
immersion of the foot in ice water at 1°C. for 15 minutes. 


RESULTS AND CONCLUSIONS 


In 6 out of 7 subjects both glomerular filtration rate and effective 
renal plasma flow decreased either during the application of the cold 
stimulus or within approximately 30 minutes thereafter. In no subject did 
the effect persist longer. The average decreases in glomerular filtration 
rate and effective renal plasma flow, as compared with the control values, 
were 14% and 21%, respectively. : 


RECOMMENDATIONS 


Further observations should be carried out, both in man and in animals, 
sboxselarify the mechanism by which local peripheral cold alters renal function, 


Submitted by’ | 
P, J. Talso, Capt., MC 
A. P, Crosley, Jr., Capt., MC 
R. W. Clarke, Ph.D., Physiologist 


HD Pre 


TRATION AND EFFECTIVE RENAL PLASMA FLOW 


I. INTRODUCTION 


The "cold pressor" test is a well-known method of determining the 
ability of the vasomotor system to respond to reproducible stimuli 
(1,2,3,4). Exposure of the hand or other body areas to ice water has been 
shown to cause pain, local vasoconstriction, and an elevation of arterial 
blood pressure (5,6), Recently, attention has been drawn to the effects 
of a local cold stimulus on renal function. Diminished urinary volume, 
increased specific gravity, decreased urea clearance values, and reduced 
minute chloride output have been observed following moderately prolonged 
exposure to the stimulus of the cold pressor test in pregnant and non= 
pregnant women (7). Equivocal observations of these phenomena have been 
reported on other subjects (8). It is the purpose of this paper to 
report the effects of local peripheral cold on the specific renal functions 
of glomerular filtration and effective renal plasma flow. 


tle EXPERIMENTAL — 
Ay Methods and Procedures 


The subjects for these experiments were healthy white male volunteers 
between the ages of 18 and 37 years who, on physical examination and urin= 
alysis, showed no evidence of renal disease. The men were asked to abstain 
from all solid food and liquids, with the exception of one glass of water at 
bed time, after supper on the evening prior to the experiment. 


On the morning of the experiment the subject assumed a reclining 
position. An indwelling soft rubber catheter (5.5 mm. in diameter) was 
installed in the bladder, Following the application of a blood pressure 
cuff to the left arm, intravenous infusions of isotonic saline were started 
in the veins of each forearm at a rate of 1 ml./min., The needle in the 
left arm was used for drawing blood samples; that in the right, for the 
administration of test substances. ‘ihile these procedures were being 
carried out (a period of about 1 hour), the subject ingested 1 liter of 
water, Then a priming dose of 40 ml. of a 25% mannitol solution and 3 ml. 
of a 20% sodium para-aminohippurate solution was administered intravenously 
within a period of 5 minutes. This was followed immediately by a sustain- 
ing infusion consisting of a mixture of 600 ml. of isotonic saline, 100 ml. 
of a 25% solution of mannitol and 16 ml. of a 2% solution of sodium para-~ 
aminohippurate at a rate of 4 ml./min. This rate was maintained throughout 
the experiment. 


Zero time was established at 30 minutes after the beginning of the 
priming dose. Six or seven consecutive clearance periods, of approximately 
15 minutes each, were carried out. After the first 2 or 3 of these periods, 
which served as controls, the subject's left foot was immersed to the level 
of the malleoli in stirred ice water at 1°C. and remained there throughout 
1 entire period. Following removal of the foot from the cold, clearances 
were measured for 3 or 4 more periods. 


We ne it the left arm, care being taken to rinse out the system several 


times, using withdrawn and reinjected blood in order to wash out any resid- 
ual saline. Time was noted, to the nearest tenth of a minute, at the begin- 
ning and end of the drawing of each sample and the average taken as the 
blood sampling time. At the end of each period the bladder was washed with 
20 ml. of saline and 20 ml. of air. 


Auscultatory blood pressures were obtained at least twice during 
each of the control periods as well as within 30 seconds before and after 
immersion of the foot in the ice water. During the period of immersion 
and in the 2 following periods, determinations were made at approximately 
2-minute intervals, Thereafter, the frequency of the readings was similar 
to that during the control periods. 


Analyses for mannitol and sodium para=-aminohippurate were carried 
out on heparinized plasma and on diluted urine samples according to the 
methods of Corcoran and Page (9) and Smith et al. (10), respectively. It 
has been suggested that the clearance of mannitol may be slightly lower 
than the true glomerular filtration rate (11). This would not alter the 
interpretation of these experiments since the importance of these data 
lies in their relative rather than in their absolute values. 


" Be Results 


The results of these experiments are summarized in Table 1. A 
representative experiment is shown in Figure 1. As will be noted, in 6 out 
of 7 subjects both glomerular filtration rate and effective renal plasma 
flow decreased either during the application of the cold stimulus or within 
approximately 30 minutes thereafter, In no subject did the effect persist 
longer. The average decreases in glomerular filtration rate and effective 
renal plasma flow, as compared with the controls, were U4,% and 21%, 
respectively. The observed depression of urine flow confirms the finding 
of Odell and Aragon (7). 


In all subjects the blood pressure rose promptly after application 
of the cold stimulus and this rise was sustained throughout the period of 
immersion, Upon removal of the stimulus the blood pressure gradually 
decreased, returning to control levels in 15 to 20 minutes. Examination of 
these data reveals no correlation between the degree of blood pressure 
elevation and the observed changes in renal function, 


IIil, DISCUSSION 


The application of a peripheral cold stimulus is found to decrease 
urinary minute volume, glomerular filtration rate and effective renal plasma 
flow. 


The large reduction of urine flow as campared with the moderate de- 
pression of glomerular filtration rate is regarded as evidence of alteration 
in the tubular reabsorption of water. This antidiuretic response may be of 
the same nature as that: demonstrated by Rydin and Verney in dogs subjected 
to emotional stress (12). 


¢°d°a 
ueeR 
evieay 


PeZvleay (#) [TOrUOD MOL eBuRYD eoURIBeTD eqyumddtyoutEeerey = B¥d, 
sowereeT ToxzuwMm = Ay 

seZereay (#) TorqUOD woul e2ueUD 

*s2uypeet [T@ Jo eFereay “d*g uve = Z = (2t1O9s¥Tp + OFTOyRXS) 


aan 


° oe °¢ oo @ 
“unre ct 


o 8 @ * e@ © 
a 


NNO A~stF DIK NON 3 NN amr 
. 


ci 


Wat NAF Noa SSO MUMIA AAW 


Oma 
e 


WW-3 0 
aetclet 


° 


° 


e 
aad 


aS 48 


NOLEN os OAS DNs ooo OM@OaW wo 
= ‘Oo WwW 
rt a 


° 


° 
wow 


ric 


—eouesveT) HYd = uoyqoeas uope 
@OUBIVOTD TO} TUUER elt ee een 


NAN NNN 


NNN NNN NHN GN 


ANN ANN 


on son #90 a aon, os 


aon 


spoytteg s1eaccey - d 
3°8J JZ PTCD JO Spoyted = 0 
Spotted ToruoD - 8 °T 


* s 
TO1zUCD JO % e3ut8ay 


s 
“S°A'd T 


uve Te Ta/ wu uya/ Ta Ty 
ee a oe ee 
Pines So aas | e3vreay =e 

ee ee Bees 


SLMZALUadYa dO LUVAROS 
T Tavs 


oe URINE FLOW (ML/MIN) 


e 400 


EFFECTIVE RENAL PLASMA FLOW (ML /MIN ) 


100 
0 GLOMERULAR FILTRATION (ML/MIN ) 
4 
cL ae 
O FILTRATION FRACTION 
140 
120 
100 ee a ee ee eee 
80 MEAN BLOOD PRESSURE (MM HG ) 
COLD 
: 3 a 5 - 7 
Ree er ee eli a ee 
0 20 40 60 80 100 
MINUTES 


FIG. | REPRESENTATIVE EXPERIMENT 
(E.A.M.) 


4 


| “Anterest. While the blood pressure rose in all experiments as a result of 


he results obtained on subject No. 3 (A.J.M.--26 years). may be of 
the stimlus, this was not associated with changes in glomerular filtration 
and renal plasma flow in this one subject. The initial diastolic blood 
pressure (128/90) together with the blood pressure response (164/116), 
during exposure to cold, would suggest according to the criteria of Hines 
and Brown (13) that this individual belongs to the prehypertensive group. 
However, as indicated above, these observations do not establish a correla 
tion between the degree of blood pressure rise and the changes in renal 
function in response to the cold stimulus. 


The mechanisms ultimately responsible for these findings remain to be 
identified and are being investigated. 


IV. CONCLUSIONS 


Evidence is presented that, in 6 out of 7 subjects, cold applied to the 
foot caused a decrease in glomerular filtration rate and in effective renal 
plasma flow. 


VY. RECOMMENDATIONS 


Further observations should be carried out both in man and in animals 
to clarify the mechanism by which local peripheral cold alters renal function. 
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The only unequivocal evidences of acclimatization to environmental conditions 
differing radically from normal temperate environments are those reported 
to occur in hot environments (4, 5, 12, 14). Data on the process of acclimatiza- 
tion to cold are lacking, although Bazett and his co-workers (1, 2, 16) have 
demonstrated slow adaptations to cool environments. A most remarkable 
example of adaptation to an ambient of approximately 0°C. has been shown to 
occur in the Australian aboriginal (6). Not only does he exhibit a greater 
lability toward vasoconstriction but also his heat production on exposure to 
cold remains at a constant level. On the other hand, according to Hill and 
Campbell (7), children receiving cold open-air treatment have elevated basal 
metabolic rates. Eskimos also exhibit BMR’s from 14 to 21 per cent above 
normal standards (3). Animals have increased metabolic rates during and 
immediately after a period of continuous exposure to cold (11, 18, 15). 

Most of these observations were made at relatively warm environments, 
freezing and above, and consequently do not provide the answer as to whether 
acclimatization occurs in the very extreme ambient temperatures observed in 
arctic and sub-arctic regions. Arctic explorers differ widely in their opinions both 
as to the occurrence and the rate of development of acclimatization. 

In previous reports, Horvath and co-workers (9, 10) discussed the effects of 
short intermittent exposures to environments as low as —47°C. on the func- 
tioning of the heat regulating apparatus of men who either sat quietly or worked 
at a standard rate. Due to the nature of the observations, it was not possible 
to obtain evidence for or against the development of acclimatization to low 
temperatures. The data to be presented in this paper are concerned primarily 
with the reactions of men to an eight day period of continuous exposure to an 
ambient temperature of — 29°C. 

Mernops. A group of ten healthy young soldiers! were trained for twelve 
days outdoors in the July heat of Fort Knox, Kentucky. Their training con- 
sisted of walking a distance of 12 miles daily at a speed of 3.0 mph. Additional 
walks on the treadmill were also made daily. After this preliminary period, 
they were brought into the cold chamber described in another report (9) and 
remained there for three days in an envirionment of 25°C., R. H. 50 per cent. 
The chamber was then cooled to —29°C. Six of the ten men remained in 


1 Now at the Department of Physical Medicine, University Hospital and Graduate School 
of Medicine, University of Pennsylvania, Philadelphia, Pennsylvania. 

2 Now in private practice, 1000 North Elm, Greensboro, N. C. 

3 Now a student at Ohio State University Dental School, Columbus, Ohio. 

4 Average age, 21.5 years; height, 68 inches; weight, 155 pounds; and surface area, 1.83 


square meters. 
99 


100 S. M. HORVATH, A. FREEDMAN AND H. GOLDEN 


the cold room continuously day and night for eight days, while the remaining 
four slept in their barracks at night, but entered the cold chamber before 
breakfast each morning and remained there until after sundown each eve- 
ning. They engaged in practically the same activities as the six men who 
resided continuously at —29°C. In the cold room the men wore the six piece 
Arctic Suit® M-1942, which has an insulative value of 3 to 4 Clo. Their daily 
activities for the three days previous to cooling the chamber, for the eight days at 
—29°C., and for the three days following the cessation of their low temperature 
exposure consisted of this set pattern: One hour’s walk at 3.0 mph. after break- 
fast, then two hours of quiet sitting followed by lunch; after lunch, an hour’s 
walk, a half hour’s heavy work period, another hour’s walk, a period of quiet 
sitting for 40 minutes, a series of psychological tests, and then dinner. There 
was some entertainment in the form of radio and reading during the day and 
motion pictures in the evening. Partial escape from the cold was permitted in 
the evening by the provision of a small hut in the cold chamber (temperature 
—5 to 0°C.). However, the men usually retired into their sleeping bags early in 
the evening. 


TABLE 1 
SUBJECT AGE HEIGHT WEIGHT SURFACE AREA (M2?) 
Re aS CSS PS ie Poi Nia ks Bien eae 
FO 19 182 76.6 1.98 
CU 20 175 70.6 1.85 
RE 20 172 65.8 1.76 
MO 19 165 56.6 1.64 
BE 27 178 68.7 2.00 


The results of studies on fluid balance, blood, and psychological responses 
(8) will be reported in later publications. The present paper is based primarily on 
observations of the sitting and working metabolism of five of the ten subjects. 
Only one of these five men was a member of the group which spent a portion of 
its time outside the cold room. The physical characteristics of these subjects 
are given in table 1. The procedures employed in this investigation were similar 
to those previously described (9, 10). The sitting metabolism of subject BE 
was obtained with a closed circuit apparatus and consequently for two hours he 
breathed air which was at a temperature of +20°C. For all the other sitting 
subjects the temperature of the inspired air was —29°C., the expired air being 
collected for ten minutes in Douglas bags. Analyses of aliquots of the collected 
air were made in duplicate on Haldane machines. Skin temperature data were 
incomplete, since the correct techniques for preventing breakage of the copper 


5 This consisted of two sets of 3 inch pile trousers, two sets of 2 inch pile parkas and a 
white cotton camouflaged outer suit. The inner pile suit was worn with pile towards the 
skin, while the pile of the outer suit faced the camouflaged garment. Two pairs of heavy 
wool socks were worn inside mukluks. Hand protection was provided by a pair of wool 
gloves and outer shell mittens (M-1943). 
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constantan thermocouples had not been fully developed. However, some data 
on toe temperatures were adequate and will be discussed. Rectal temperatures. 
were obtained by means of calibrated clinical thermometers. 

RESULTS AND DIscussION. The average rectal temperature of the five subjects 
throughout the day (measurements made on arising, after first work period, after 
rest period, after each of three afternoon work periods, and prior to retirement) 
was approximately 37.8°C. during the entire eight days at low environmental 
conditions. This was very similar to values obtained during the preliminary 
and the post-exposure periods. No significant changes were noted in the basal 
rectal temperatures secured while the subjects were still in their sleeping bags. 
Variations were noted in each subject but were not consistent. Basal values 
as low as 35.2°C. were found in a number of cases. The rate of fall of rectal 
temperatures during the sitting periods did not differ appreciably on any of the 
eight days. During the last third of the sitting period of the third day, there was 
observed a large fall in the rectal temperatures of all subjects, but its cause was 
not determined. Since adequate consecutive data on mean skin temperature 
were not obtained, changes in mean body temperature could not be estimated. 
In the few subjects on whom chest and thigh temperatures were successfully 
secured on all days at the low ambient sik tine agi no changes attributable to 
duration of exposure were found. 

The basal heart rate was not altered during the period of cold exposure. The 
mean values on the second day of cold were 56, on the fifth day, 55, and on the 
eighth day, 58. The heart rates during the sitting periods (table 2) were var- 
iable and might be explained as due to increased oa tone or slight shivering 
by some of the subjects. 

The mean oxygen consumption (open circuit riethoay during the two hours 
that four subjects sat quietly (fig. 1), showed an increase of approximately 30 
per cent over control values at +25°C. Detailed data secured at three points 
during each two hour sitting period are given in table 1. No consistent pattern 
was exhibited during the eight days of exposure. While in general all subjects 

showed a trend to remain at an elevated level during the exposure to cold, two 
roughly similar groupings were noted in the daily variations of caloric expendi- 
iture. Nothing in the past experiences or the physical characteristics of the 
subjects could be correlated with these patterns. 

After returning to a comfortable environment, the subjects’ oxygen consump- 
tion decreased but was still higher than the pre-cold control values. This stimu- 
lating effect of cold exposure confirmed the results of animal experiments con- 
ducted by Horvath et al. (12). 

It is of interest to compare the metabolic rates obtained on two subjects 
Similarly exposed (fig. 2) when one of them, BE, breathed warm air while the 
other, FO, breathed cold air (—29°C.). Neither of these two subjects reported. 
gross shivering, although they undoubtedly had some increased muscular tone. 
The increased metabolism was seen initially in both subjects, but after the first 
three days BE’s heat production began to decrease, and in the last few days it 
was only slightly elevated. This response would be considered a classic example 
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of acclimatization to cold except that it was not noted for any of the four subjects 
who were breathing cold air. The after-stimulating effect of cold on metabolism 
was not observed to occur in subject BE. It is of special note that, while all the 
subjects reported they did not mind the cold so much after the first few days, 
only BE stated that he was definitely more comfortable. Whether he was the 
only subject to be acclimated or whether the breathing of warm air was the 
deciding factor was not then determined. Some experiments performed later 


TABLE 2 


The mean metabolic values obtained on four subjects who sat for a period of two hours each 
day during continuous exposure to the designated environmental temperatures 


ENVIRONMENTAL TEMP. °C 


25.0°C. —29.0°C. | 25.0°C. 


Days of exposure 
“To pi RE RS CUA I 


At 40 minutes 


Lo ee Gea eee re apne 0.86} 0.83) 0.86) 0.86] 0.83) 0.75) 0.85) 0.88) 0.82} 0.79] 0.83 
Ventilation L./min.............. 8.2} 10.5 9.9 9.6 9.4) 11.0} 10.3] 10.7 9.2 8.3 | 8.3 
Oxy. cons®nl/mins Vici tars: 354 482 472 451 427 493 461 501 378 368 = [378 
Cale Ri sicsid ae camera ca 173 233 230 220 206 236 224 245 183 176 == -|183 
Rectal temp Caseracie aee 37.2 | 37.0] 387.3 | 37.4 36.7 | 37.0) 36.5 | 36.6] 36.7 | 36.9 
Heart rate/min...:.............. 60 62 68 74 74 78 66 69 81 75 74 


At 80 minutes 


RA rns te hin he, aalet e eee es 0.89 0.88! 0.82); 1.04 0.36) 0.90] 0.86] 0.85) 0.94) 0.92) 0.80 


Ventilation, Lajming ss csp gta: 7.5 8.5 8.0 8.4 9.0| 12.0 9.4 9.8 9.5 i 
Oxy) cons. “milly min sccm. ss sn |OUr 358 368 316 381 503 374 416 303 309 324 
GaltyitestAd 57 vere i4 cae ov 150 175 178 161 186 247 182 202 151 153 156 
Rertal temps Sue. gail eae 36.7 37.1 37.2 ofel 36.9 37.1 36.9 36.6 36.9 36.8 | 37.0 


Heart rate/min.................. 74 72 78 72 78 80 63 70 81 10 Nas 


At 120 minutes 


RQ icin sok wae ee eaves 0.88; 0.82) 0.81) 0.85} 0.85) 0.86) 0.83! 0.92) 0.82/ 0.80) 0.82 


Ventilation L./min.............. 7.4 9.4 9.2 9.5 9.7 10.2 9.4 9.6 8.5 00°) = 7.8 
Oxy. cons. ml./min..............]| 300 400 426 419 442 455 424 420 354 330 = |332 
Culreta tout. roster ener ee 136 193 204 210 215 222 205 208 171 158 {160 
Rectal temp. °C....°.. .../.:...| 36.9 | 36.9 | 36.9 |. 36.3 | 36.8 |- 36.9 | 36.8 | 36:7] 36.9-| 36.6 |°36.9 


Heartitate/min eo 22643. Seo 66 64 61 ¢5 59 75 72 73 74 76 70 


failed to demonstrate any beneficial effects of breathing warm air during short 
periodic exposures to low environmental temperatures. 

The toe temperatures obtained on BE and FO are of considerable interest 
(figs. 3a and 3b). They show the changes that occurred during the three hour 
morning periods (8 to 11 o’clock). Their toe temperatures, were quite low from 
awakening through breakfast, but the walk raised them to fairly high levels. 
During the subsequent two hours of cooling, seated subject FO (fig. 3b) exhibited 
a strikingly similar pattern on all days, his final temperatures reaching the 
neighborhood of 16°C., similar to his pre-exercise levels. On the other hand, 
BE’s toe temperatures presented definite evidence of an acclimatization effect 
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Fig. 1. The average oxygen consumption of four seated subjects during a two hour period 
in comfortable and cold environments. 
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Pig. 2. Average oxygen consumption of two subjects sitting for two hour periods while 
residing continuously at the designated ambient temperatures. 


in that the extremities not only warmed up more rapidly and to a greater degree 
on the last days of cold exposure, but also cooled at a definitely slower rate. 
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Fig. 3a. Toe temperatures of subject BE (one of the two subjects of fig. 2) during the 
Morning hours of a period of continuous residence at a low environmental temperature. 
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Fig. 3b. Toe temperatures of subject FO (one of the two subjects of fig. 2) during the 
morning hours of a period of continuous residence at a low environmental temperature. 


There was a positive correlation between the higher final toe temperature and the 
mean caloric production during this cooling-off period. When his extremities 
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were cold, his metabolic rate was elevated and vice versa. If BE had been our 
only subject, definite evidence of acclimatization, in the usual interpretation of 
the word, again would be said to have occurred. However, his response was 
atypical in view of the reactions of the other subjects, and the breathing 
of warmer air may have altered his responses to some extent. 

Metabolic observations were made on four subjects performing a standard 
amount of work at 25° and —29°C. Unfortunately, a follow-up period at 25°C. 
was not possible due to our having only one treadmill. Average data on four 
subjects are presented in table 3, with a graphic presentation in figure 4 of the 
findings on subject CU. As previously reported (10), exposure to low environ- 
mental temperatures was accompanied by an increased energy expenditure for 
the performance of a standard amount of work. The 25 per cent average rise 


TABLE 3 
Metabolic observations on four (4) men, dressed in Arctic clothing and walking on a 
treadmill at 3.0 MPH and a 3.3 per cent grade while exposed to an environ- 
mental temperature of —29.0°C. continuously for eight (8) days 


ENVIRONMENTAL bocca cae QUOTIENT F comBcine TION ee 
TEMPERATURE apse’) tl Fee ere ee ee 
L./min A% A% L./min A% Cal/hr A% 
+25.0°C. 26.7 0.92 1.22 360 
Days at —29.0°C. 
First | 33.2 24.3 | 0.86 —6.5 | 1.65 | 35.2 483 34.2 
Second 31.1 16:5 -)220387 —5.4 1.50 23.0 440 222 
Third | 30.9 | 15.7] 0.88 | —4.4] 1.54 | 26.2] 452 | 25.6 
Fourth | 32.4 Ble oel 0). OU —2.2 1.51 23.8 448 24.4 
Fifth | 32.6 22.151: O:86 —6.5 | 1.59 30.3 464 28.9 
Sixth 31.3 2: ke O07 89 —3.3 1.46 19.7 430 19.4 
Eighth | 29.8 11.6 | 0.86 —6.5 | 1.50 23.0 | 438 21.7 
_ RS aie eae Deo ina Pee Pee Noe marr er re eS oaslids samcieee 
Average*...........| 31.6 18.4 | 0.87 —5.0 1.54 | 25.9 | 451 25.2 


* For days at —29.0°C. 


in caloric output was slightly, but not significantly, higher in this group of sub- 
jects than in the group exposed for only a single hour to a similar ambient tem- 
perature (10). The energy expenditure during work decreased with continued 
exposure to the low ambient temperature. Although no regular pattern was 
evident in this increased efficiency of performance, viz., a return to cool en- 
Vironmental levels, the values obtained on the last two days were the lowest ones 
observed in the cold. Thus, continued exposure appeared to have a definite 
effect on physiological functions in that stimulation due to cold was less evident 
toward the end of exposure. This effect was not noted in all of the subjects 
(fig. 4). Except for his second day at —29°C., CU showed only minor changes 
in caloric output, which was partially a redaction of the slight rise in R.Q. ob- 
Served in this subject. 

The average oxygen consumption of the four subjects appeared to have reached 
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Fig. 4. Observations made on subject CU during a one hour walk (a.m.) on a treaamill 
at a speed of 3.0 mph and a 3.3 per cent grade before and during an eight day period of con- 
tinuous residence in an environment of —29°C, 
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a fairly steady level after the first day in the low ambient temperature, the 
greatest variations being observed on the fifth and sixth days. The fall in R.Q. 
from the control days averaged about 5 per cent and showed minor variations 
during the succeeding days in the cold. The maximal fall occurred on the first 
day and, although it varied from day to day in the cold, it did not approach the 
pre-cold day values. Subject CU (fig. 4) again differed from the other subjects — 
in that his R.Q. figures were generally higher during cold exposure than in the 
comfortable environment. 

The ventilation rates at all times were greater at 99°C. than at 25°C. This 
increase, an average of 18.4 per cent, was accomplished through increased depth 
of breathing, as the respiratory rate was not affected. The smallest increase, 
approximately 12 per cent, was observed on the last day of the test. The great- 
est change was noted on the first day in the cold. Lower values, but not in a 
definite progression, were found on all succeeding days. 

As illustrated in figure 4, the rectal temperature at the completion of the work 
period remained relatively constant during the successive days of cool and cold 
exposure. It is unfortunate that the constant breakage of thermocouples pre- 
vented collection of adequate data on the changes in body surface temperatures. 
The thigh temperatures obtained appeared to be higher on the last days than on 
the first days of cold exposure. The heart rate slowly decreased, the average 
fall being 12 beats. This may be in part a reflection of training. 

Although the cost to the individual to do a given amount of work in the cold 
was always greater, a slight diminishing of this greater energy expenditure ap- 
peared to occur with longer periods of consecutive exposure to the low ambient 
temperature. This was reflected primarily in reduction of the total caloric out- 
put and the lowering of the minute ventilation volume. ; 

Only one of the quietly sitting subjects exhibited measurable improvement in 
his ability to tolerate cold. All of the other men had variable responses and none 
of the changes in the physiological measurements could be attributed directly to 
length of exposure. It is possible that the duration of exposure was too short and 
that changes similar to those seen in subject BE may have occurred if the ex- 
posure to the cold had been continued. 

There are indications that men do become acclimated to cold and that certain 
physiological mechanisms are involved in this process. Unfortunately, the in- 
dividual variations are so great that no clearly delineated statement of the 
mechanism can be given at this time. 


SUMMARY 


Metabolic observations were made on five subjects who resided continuously 
for three days in a comfortable environment, 25°C., for eight days in a cold 
environment, —29°C., and for another three day period at 25°C. No changes 
in basal values for heart rate or rectal temperature occurred. The caloric ex- 
Penditures during quiet sitting and while performing a standard-‘amount of work 
were higher during exposure to the low ambient temperature. The duration of 
exposure to low temperatures did not markedly influence the energy output 
during the sitting period for four of the five subjects. The fifth individual, who 
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was breathing air of approximately 20°C. during this time, showed a striking de- 
crease in caloric output with increased exposure. The significance of this finding 
and its association with a higher level of toe temperature has been discussed. 
Four of the subjects exhibite 2» increased metabolic rate—an afterstimulating 
effect. of cold—on their ret °* 0 the control environment. This was not ob- 
served in the fifth subjec .dividual mentioned above. 

The energy requirements iv: the standard work on a treadmill at 3.0 mph and 
a 3.3 per cent grade were increased during low temperature exposure. A small 
but definite return towards normal values occurred with continued exposure, 
but its relation to the development of a state of acclimatization was not clear. 
The decrease could be explained adequately on the participation of a number of 
other factors. 

There is some indication from the data accumulated in this study that ac- 
climatization to cold may occur, but at the present the evidence is too equivocal 
for a definite statement. 
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TRANSITORY non-fatal collapse follow- 
ing severe physical effort is a familiar 
phenomenon in competitive sport. Jokl’ 
has described the clinical picture of this 
“Sportkrankheit”’ and Mateef and Petroff® 
and Mateef® first described and studied 
the orthostatic hypotension which is one 
of its circulatory aspects. Brogdon and 
Hellebrandt,? Eichna and Bean,’ Mayer- 
son,!° Allen, Taylor and Hall! have con- 
firmed the occurrence of orthostatic hypo- 
tension following hard muscular work. 
However, observations dealing with the 
nature of this postural hypotension are 
still few. While studying the physiologic 
effects induced in healthy young men 
worked to the limits of their physical 
tolerance, we encountered post-exertional 
orthostatic hypotension and had an oppor- 
tunity to study it. Some of these studies 
are here presented. 


Subjects and Methods. The subjects were 
all young, healthy soldiers (enlisted men) 
undergoing some phase of military training 
beyond basic training. They were, there- 
fore, physically more fit than the usual nor- 
mal group drawn from civilian life. The 
required work was performed at all hours 


of the day, except immediately after meals, 
and consisted of exercise tests designed to 
determine physical fitness. Two of the tests, 
the pack test and the treadmill test, were of 
the acute, exhausting type; the third, the 
hike, was of the long, enduring type. In 
the pack test,> the subjects stripped to 
shorts, socks and shoes, and carrying a pack ~ 
weighing one-third of their body weight, 
stepped up and down on a platform 16 inches 
high, once every 2 seconds for 5 minutes, 
unless exhaustion forced them to discontinue 
before that time. In the treadmill test,® the 
subjects, similarly clothed but without pack, 
ran on a motor-driven treadmill for 5 min- 
utes, unless forced by exhaustion to discon- 
tinue before that time. The speed of the 
treadmill was 7.5 miles per hour for the 
initial tests and 5.6 miles per hour for the 
repeat tests; in all tests the treadmill grade 
was 8.6%. The physical effort of these 
2 tests is such that approximately one-third 
to one-half of the healthy young men at- 
tempting them fail to complete the required 
5 minutes of work. In the hike, the men 
wore regulation fatigue uniforms of herring- 
bone twill, carried packs weighing 20 pounds 
and were required to walk 32 miles in the 
best time they could, usually 7 to 9 hours. 
The pack and treadmill tests were performed 
indoors at an ambient temperature of about 


* Lt. Col., M.C., A.U.S.—now at New York University College of Medicine, New York, New York: 
+ Major, Sn.C., A.U.S.—now at Department of Physical Medicine, University of Pennsylvania, Phila- 


delphia, Pennsylvania. 


t Lt. Col., M.C., A.U.S.—now at College of Medicine, University of Cincinnati, Cincinnati General 


Hospital, Cincinnati, Ohio. 


642 


74° F. The hike tests were performed on 
the open road in the moderately warm 
weather of late spring. On completing the 
pack and treadmill tests, the men sat down 
for 5 minutes before postural studies were 
begun. In the hike tests these studies were 
started immediately after finishing the 
march. 

Except after several of the hikes, when 
men changed from the lying to erect (90 de- 
gree) position by their own effort, position 
was always changed passively by means of 
a tilt table. The erect position was 70 de- 
grees erect with the weight supported by 
the legs. No attempt was made to dimin- 
ish postural sway or movement, other than 
repeated admonitions to stand still. Posi- 
tion was changed alternately from erect (70 
degrees) to flat and flat to erect (70 degrees) 
at 5 minute intervals, except when syncope 
shortened the time in the erect position. 
While in each position the heart rate (by 
palpation or auscultation) and blood pres- 
sure (by auscultation, using a mercury ma- 
nometer) were simultaneously and repeatedly 
determined, usually at 30 to 60 second 
intervals. At least one set of determinations 
in the flat and erect (70 degree) positions 
preceded an exercise test. Following exer- 
cise, all subjects were observed through at 
least 2 erect periods, separated by 1 in the 
supine, and thereafter through as many 
changes of position as the individual case 
required. In certain instances respiratory 
rates, vital capacities, and electrocardio- 
grams were taken in each position before 
and after exercise. 

In a number of subjects the relationship 
between their postural responses after exer- 
cise and their cardiovascular lability was 
studied by determining the changes in heart 
rate and blood pressure induced by several 
stimuli administered in the control period: 
(a) posture test, change from supine to 
erect (70 degrees); (6) cold pressor test, 
immersing one forearm in ice water for 
2 minutes; (c) mental pressor test, requiring 
the subject to do arithmetical problems 
(multiply 3 digits by 2 digits) in his head 
for 5 minutes; (d) exercise test, changes 
during the 5 minutes immediately on com- 
pletion of standard exercise. 


Results. The post-exertional orthostatic 
responses are divided into 3 groups: syn- 
copal, abnormal and normal. The syncopal 


EICHNA, HORVATH, BEAN: 


group includes those subjects who devel- 
oped syncope and were unable to remain 
erect for 5 minutes during either one or 
both of the 2 required erect periods after 
exercise. While erect, their blood pres- 
sures were usually very low and their 
heart rates rapid but collapse rather than 
any level of blood pressure or heart rate 
was the criterion for inclusion in this cate- 
gory. When upright, these subjects de- 
veloped the typical symptoms and signs 
of syncope, either singly or in varying 
combinations, and in varying intensity. 
Almost invariably present were marked 
fatigue, drowsiness, apprehensiveness, in- 
creasing discomfort, nausea, abdominal 
cramps, lightheadedness and dizziness, and 
the sensation of impending collapse. In 
the more severe instances, dimness of 
vision progressing to tubular vision and 
“blackout,” vomiting, disorientation, ina- 
bility to move or obey commands even 
though hearing them progressed to com- 
plete loss of consciousness and crumpling 
at the knees, at which time the men were 
tilted flat. These symptoms were accom- 
panied by various signs, yawning, deep 
breathing, increasing pallor leading to a 
pallid ashen cyanosis, profuse sweating, 
gasping respiration, apprehensive restless- 
ness or listlessness, a steadily falling blood 
pressure with very narrow pulse pressure, 
markedly decreased intensity of heart 
sounds, and a rapid, weak pulse. Just 
before consciousness was lost, and the 
subject tilted supine, the heart in a num- 
ber of subjects slowed markedly. Once 
supine, all symptoms quickly improved or 
disappeared completely. For a short time 
immediately after becoming supine, a 
marked bradycardia and elevation of blood 
pressure were often encountered, but as 
the supine position was maintained both 
heart rate and blood pressure returned to 
normal. 

The abnormal group includes those sub- 
jects who were able to remain erect for 
the required 5 minutes during both of the. 
post-exertional erect periods, but who, dur- 
ing at least 1 of them, sustained a fall 
in systolic blood pressure to abnormally 
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low levels, here defined as 100 mm. Hg 
or less, provided that that level was at 
least 10 mm. Hg lower than the lowest 
pre-exercise, erect, systolic blood pressure. 
Many men developed symptoms and signs 
similar to those in the syncopal group. 
Usually they were more mild but in some 
instances they were so severe that the men 
were just able to remain erect for the re- 
quired 5 minutes. If the erect period had 
been further prolonged some men would 
surely have fainted. Others had no symp- 
toms though severely hypotensive. 

The normal group includes all of the 
others, men who remained erect after ex- 
ercise without symptoms and with systolic 
blood pressures above 100 mm. Hg. 
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group, and for the same group order an 
increasing, but less striking, rise in heart 
rate. Syncope was most closely related 
to the systolic blood pressure and was 
most likely to occur when it fell to about 
80 mm. Hg. Pulse pressure bore less re- 
lationship to syncope: the pulse pressure 
for the abnormal group was as low, and 
even lower, than that for the syncopal 
group (second erect period, Table 1). 
Circulatory failure in the erect position 
was more marked, as a rule, in the second 
erect period, 15 to 20 minutes after the 
cessation of exercise, than in the first erect 
period, 5 to 10 minutes after work. This 
is indicated by the greater number of syn- 
copes and the greater fall in blood pressure 


TaBLe 1.—Buioop Pressure, Heart Rate aND DuRaTION or Erect Posture Arrer AcuTE 
EXHAUSTING WorRK 


(The data for each group are averages of the final readings taken before position of subject was changed) 


First erect period 


Blood pressure 
(mm. Hg) 


11 
34 Seite, . 
Bo ~ a 2 §& 
Group No. subjects A E Bim E 
NORMAN ose ed 5.0 119 88 81 115 
Abnormal . . . 10 5:0. 108-276" -.27 116 
Syncopsal . . . 9 2.4 “08° 72: *26 °122 


Second erect period 


A—— —. 


Supine period (5 min.) 


Blood pressure 
(mm. Hg) 


Blood pressure 
(mm. Hg) 


Bie ge 4q 
+s 5 3 4a » 

| ey ae ee A Be Bie EL 
117 73 44 100 5.0 114 90 24 112 
117 67 50 105 5.0 95 83 12 116 
118 68 50 108 2.6 181 64 f17 118 


* Average of the 4 subjects with obtainable blood pressure; blood pressure unobtainable in 5 subjects. 
+ Average of the 5 subjects with obtainable blood pressure; blood pressure unobtainable in 4 subjects. 
t Average of the 6 subjects with obtainable blood pressure; blood pressure unobtainable in 3 subjects. 


° Average of 8 subjects; pulse missing on 1 subject. 


OrTHOSTATIC HyPoTENSION FOLLOWING 
AcuTE ExuavusTiInc PuysicaL Work. 
Since the pack test and treadmill test 
both required essentially the same type of 
physical effort and produced very similar 
findings, the results of these 2 tests are 
combined into one analysis. 

Type of Response and Incidence. Of 33 
men subjected to acute exhausting physi- 
cal work approximately -one-half (19 or 
57.6%) developed post-exertional ortho- 
static hypotension, with 9 (27.3%) in the 
syncopal group and 10 (30.3%) in the 
abnormal group (Table 1). Thus, every 

. other man developed post-exertional ortho- 
static hypotension and 1 man in 4 had 
syncope. Table 1 indicates the progressive 
fall in blood pressure from the normal 
through the abnormal to the syncopal 


in the second erect period than in the first 
(Table 1). The similarity in blood pres- 
sures for all 3 groups when the subjects 
were supine indicates that the circulatory 
disturbance is apparent only in the erect 
position. i‘ 

Chart 1 indicates the response of a man 
in the normal group. Charts 2 and 3 are 
typical of 2 types of syncopal responses. 
In Chart 2 the hypotension and syncope 
develop “immediately,” in the first erect 
period, but nevertheless, become more 
severe in subsequent upright periods. In 
Chart 3 the onset of hypotension and 
syncope are “delayed.” The first erect 
period is tolerated without difficulty and 
with sustained blood pressures and heart 
rates. Hypotension and syncope develop 
in this second erect period and remain 
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Cxuart 1.—Normal blood pressure in the erect posture following acute exhausting exercise. In this 
and subsequent charts the heavy black line indicates the heart rate; the upper level of the shaded area 
the systolic blood pressure; the lower level of the shaded area the diastolic blood pressure. 


FLAT ERECT FLAT : FLAT ERECT FLAT FLAT ERECT FLAT 


aoe 


LYING DOWN 
LYING DOWN 


a 
°o 


$ 


3 
HEART RATE PER MI 


< 
iw 
ma 
2 
os 
= 
“ 
< 
a 
be 
& 
Re 4 
oi 
x 


SYNCOPE 
ny 
° 


6 


i 
| | 
pee ey ie i A fee 2 


$s 10 ° 5 1s 20 25 105 
KEY: ees HEART Rate MINUTES 


ow UPPER EDGE INDICATES SYSTOLIC BLOOD PRESSURE 


° 


2 M 
Cuart 2.—Orthostatic hypotension with syncope following acute exhausting exercise. The hypo- 
tension and syncope develop during the first erect period after exercise and are still present 2 hours 
after cessation of effort. 
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severe thereafter. Usually tachycardia ac- 
companies the hypotension (Chart 2) but 
at times the heart slows just as collapse 
is about to occur (Chart 3). In 1 instance 
(Chart 3 at point X) such a cardiac slow- 
ing progressed to an asystole of 19 seconds, 
with collapse of the subject.‘ 
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sures. In another subject (Chart 2) ortho- 
static syncope still occurred almost 2 hours 
after the exercise. Three hours after work, 
the erect posture was tolerated for 5 min- 
utes, but the blood pressure was not yet 
normal. As a rule, there was recovery 
from syncope within 1 hour and from 


: 


ERECT ERECT ERECT ERECT 


iS MINUTES 
Pa 
= 


~~ S8iNUTES 
{7 MINUTES 


__ 


erence 


20 25 


MINUTES 


Cuart 3.—Orthostatic hypotension with syncope following acute exhausting exercise. 


The hypo- 


tension and syncope are delayed in appearance and do not develop until the second erect period, follow- 
ing a first erect period which was tolerated without difficulty. Terminal bradycardia accompanied 


the hypotensive episodes. 


Duration. The duration of the post- 
exertional orthostatic hypotension varies 
but it tends to persist for an unexpectedly 
long time. Thus in 1 subject (Chart 3) 
orthostatic hypotension with syncope was 
still present 1 hour after stopping work 
and it was not until 1 hour and 15 minutes 
after the exertion that he could remain 
erect for the required 5 minutes. Even 
then the blood pressure had not yet re- 
turned to normal but fluctuated widely, 
with low systolic and narrow pulse pres- 


hypotension (abnormal group) within 2 
hours. The progressive improvement of 
the orthostatic hypotension with time is 
indicated in Charts 2 and 3 by the increas- 
ing length of the successive erect periods 
before the development of hypotension 
and syncope. ; 

Type of Subject. The physical charac- 
teristics of the subjects and their cardio- 
vascular responses to various stimuli gave 
little basis for predicting who would de- 
velop this syndrome. There were but 
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minimal differences in the physical charac- 
teristics of the subjects of the 3 groups 
(Table 2). The men in the syncopal group 
averaged slightly taller (3 inches) and 
heavier (12 pounds) than the men in the 
normal group. There were no significant 
differences in the ages of the 3 groups. 
Physical fitness, as determined by fitness 
tests, was essentially the same in all 3 
groups (Table 2). There were only slight 
differences in the cardiovascular responses 
to stimuli. Perhaps the responses in the 
syncopal group may be considered some- 
what more labile than those in the other 
2 groups (Table 3). The most marked 
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Thus, of 5 subjects who were in the synco- 
pal group after the first test, only 1 re- 
mained in the syncopal group following a 
repeat test; 2 moved into the abnormal 
group and 2 into the normal group. Sim- 
ilarly, of 7 subjects in the abnormal group 
after the first test, only 3 remained in the 
abnormal group following a repeat test, 
while 4 moved into the normal group. 
Ten men in the normal group on the first 
test remained in the normal group on 
repeat tests. In all instances the physical 
fitness scores were not significantly differ- 
ent on repeat tests from those on the 
initial tests. 


TABLE 2.—PuHysicaAL CHARACTERISTICS AND PuHysicaL FITNESS OF THE SUBJECTS 
(Data are the average for each group) 


Physical fitness 


Physical characteristics 


No. Age 
Group subjects (yrs.) 
Normal 14 26 
Abnormal 10 22 
Syncopal . 9 23 


Time of 
Height Weight effort Fitness 
(ft., in.) (Ibs.) (min.) score 
5/6” 152 3.5 59 
5/6” 158 3.4 52 
5/9” 164 3.8 52 


TABLE 3.—COMPARISON OF THE CARDIOVASCULAR RESPONSES OF THE THREE GROUPS TO STIMULI 
(The data for each group are averages of the most marked response during the stimulus) 


Erect (70°) 


A—— 


Supine 


—_—, 


—, 


Blood pressure Blood pressure 


(mm. Hg) = (mm. Hg) eS 

—_—_—__ or 8 =: —_—_-_"_—-—~ = & 

£ 24 

: =. 8 : » 

Nos, S88 ee ayn se ig ee & 

Group subjects # é & g Zz s 

Normal 14 119: U3", 46:° 71 118 88 30 91 
Abnormal 10 iti Y Arsecw fo eaceee: © laird Mei be be ier Se die. 
Syncopal 9 y CP ENR ame Mey 6 f 115 86 29 101 


* Two minutes of immersion of forearm in iced water. 
+ Five minutes of mentally multiplying 3 digits by 2 digits. 
t Immediately on termination of pack test, subject seated. 


differences lay in the higher pulse rates 
immediately after acute exhausting work 
and in the greater pressor response to the 
cold test in the syncopal group. 

The data suggest that post-exertional 
hypotension is more likely to occur in the 
tall, heavy subject with labile cardio- 
vascular responses. The small number 
of subjects requires that this suggestion 
be taken with reservation. 

Repeat Tests. With repetition of the 
work on subsequent days there is a tend- 
ency for improvement, and even disap- 
pearance, of the post-exertional ortho- 
static hypotension and syncope (Chart 4). 


Cold pressor test* 


Mental problemt Exerciset 


Blood pressure 


(mm. Hg) 


Blood pressure 
(mm. Hg) 


Puna Teed SE 
Tee 23. £8 
. J 2 - & 
#3493523 435 ¢ 2 295 
en fom @ Be aie soe Se ae 
134 91 43 71 135 92 43 89 166 78 88 145 
134 92 42 74 129 86 43 86 149 69 80 166 
141 98 43 70 136 88 48 67 158° ‘75> 83) 472 


Mechanism of the Hypotension. Several 
simple observations indicated the major 
réle played by the motionless, dependent 
lower extremities in the production of the 
hypotension. 

With the trunk still erect, raising the 
lower extremities to a horizontal position, 
so that the heels were on the same level 
as the buttocks materially raised the blood 
pressure (Chart 5). This maneuver did 
not, however, return the blood pressure to 
normal. A definite hypotension (abnor- 
mal group) still persisted but it was not 
so severe as to cause syncope. Syncope, 
however, promptly recurred when the legs 


POST-EXERTIONAL ORTHOSTATIC HYPOTENSION 


were lowered to the dependent position 
(Chart 5). Apparently the distribution of 
blood in both the splanchnic area and in 
the legs is responsible for the orthostatic 
hypotension and dependency of the lower 
extremities is critical to the production of 
the full effect. 
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static hypotension promptly returned 
(Chart 6). 
When blood is prevented from flowing 
into the lower extremities of the upright 
subject, orthostatic hypotension does not 
occur; the blood pressure is sustained and 
a previously syncopal subject remains 


“SITTING ERECT FLAT ERECT FLAT 


20 25 
MINUTES AFTER EXERCISE 


KEY ome sHEant RATE 
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° La 


Cuart 4,—Disappearance of post-exertional orthostatic hypotension with repetition of the inducing 


acute exhausting exercise. 
when erect after the third test. 


During the orthostatic hypotension, 
movement of the fully dependent legs, 
without the accomplishment of much addi- 
tional work, caused the blood pressure to 
rise from its low level to higher, and even 
normal, levels which were maintained as 
long as movement of the legs was con- 
tinued (Chart 6). The movement of the 
legs here used consisted of bending the 
knee forward sufficiently for the heel to 
clear the foot board of the tilt table, the 
toe retaining contact with it. The legs 
were moved one at a time and alternately. 
With cessation of their movement ortho- 


Marked orthostatic hypotension after the first test; normal blood pressure 


erect without difficulty (Chart 7). Just 
before the subject was tilted erect, the 
circulation to both legs was occluded by 
suddenly inflating, without venous stasis, 
blood pressure cuffs encircling both thighs. 
The cuffs were of standard 13 cm. width, 
backed by heavy cloth so that they did 
not balloon, and were inflated to 240 mm. 
Hg from pressure bottles. With the cuffs 
thus inflated orthostatic hypotension did 
not occur but it developed rapidly in pre- 
ceding and subsequent erect periods when 
the thigh cuffs were not inflated (Chart 7). 

Trapping as much blood as possible in 
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both lower extremities of a non-exercised 
subject failed to produce definite ortho- 
static hypotension, although some lower- 
ing of the systolic pressure and narrowing 
of the pulse pressure did occur (Chart 8). 
Reactive hyperemia was utilized to pro- 
duce full dilatation of the vascular beds 
of the legs in which the blood was then 
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cuffs were deflated to zero, permitting 
accumulation of blood in the dilated 
vascular beds of the legs under the in- 
fluence of gravity alone; in the second 
instance they were deflated to 50 mm. 
Hg, trapping the blood under the in- 
fluence of this resisting barrier as well 
as gravity. Chart 8 shows the marked 
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Cuart 5.—Improvement in the post-exertional orthostatic hypotension when the legs are raised 


to a horizontal position at the level of the pelvis. 


trapped. With the subject flat, blood 
pressure cuffs about both upper thighs 
were inflated to 240 mm. Hg occluding 
the circulation to both legs. After 10 min- 
utes the subject was tilted erect and 
1 minute later both cuffs were deflated 
producing marked hyperemia of the de- 
pendent legs. In the first instance the 


e 


(Indicated by diagram at top of sitting column.) 


drop in blood pressure immediately at the 
onset of reactive hyperemia and then the 
spontaneous and rapid recovery to a 
higher level, presumably as a result of 
vasoconstriction of other vascular areas of 
the body. The subject then remained 
erect without symptoms, in spite of the 
pooling in the legs of presumably as much 
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blood as their vascular beds would hold. 
This subject developed orthostatic hypo- 
tension following the pack test. 
OrtTHosTaATIC HypoTENSION FoLLOWING 
PROLONGED ENDURING PHysIcaL EFFortT. 
Limited observations made after the com- 
pletion of long-sustained physical work of 
lower energy expenditure indicated that 
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tional orthostatic hypotension; 5 men 
(20.8%) were in the syncopal group and 
8 men (33.3%) in the abnormal group 
(Table 4, Chart 9). This incidence is 
similar to that after acute exhausting 
exertion. After the hike test, the second 
erect period was omitted except in those 
subjects who developed hypotension dur- 
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Cuart 6.—Improvement in the post-exertional orthostatic hypotension when the dependent 
legs are moving. 


post-exertional orthostatic hypotension oc- 
curs after this type of work as well as 
after acute exhausting physical effort. 
The 32 mile hike was attempted by 24 
men; 22, finished, 2 dropped out after 
28 miles. The resporises of these 2 men 
are grouped with the others. Of the 
24 men, 13 (54.2%) developed post-exer- 


ing the first erect period and it is possible 
that late developing hypotensions were 
missed. 

The orthostatic hypotension induced — 
by prolonged enduring work was very 
similar to that after acute exhausting work, 
Its development bore no relationship to 
the height, weight or age of the subjects 
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(Table 4) or to their physical fitness as 
determined by fitness tests and their gen- 
eral work performance. As after acute 
exhausting work, the orthostatic hypoten- 
sion following the endurance hike often 
persisted for a long time. Usually the 


blood pressure and without symptoms, re- 
turned in | to 2 hours after stopping work 
(Chart 9). In 1 instance, orthostatic hypo- 
tension was still present after a night’s 
sleep, 12 hours after finishing the hike, 
and it was not until 16 hours after the 
hike that the erect posture could be main- 


ability to remain erect, with a sustained 


TaBLe 4.—PHyYSICAL CHARACTERISTICS OF THE SUBJECT GROUPS AND THEIR CARDIOVASCULAR 


Responses AFTER 32 MILE HIKE 


(The data for each group are averages of the final readings taken before position of subject 


was changed) 


First erect period 


ae 


Second erect period 


Blood pressure 


———————E, 


Blood pressure 


Physical characteristics eis (nm. He) £2 = Keeani 1m) 3 a 

a5 soe | ee ere 

No. Age Height Weight £8 5s 4% Ff 4s ca ge @ eee 

Group subjects  (yrs.) (ft., in.) —_(Ibs.) a eh a eae ee A A heey | &£ we 
Normals)... 014 23 5/8” 152 5.0 11485 29 110 
Abnormal . . 8 22 5/8” 158 5.0 94 «679 15 114 

Syncopal . . 5 25 ohh 157 2.7 02. "825410 $120 2.0 779 768. fll 108 


* Data for the 1 subject with obtainable blood pressure; blood pressure unobtainable in 4 subjects. 

t Average of the 3 subjects with obtainable blood pressures; blood pressure unobtainable in 1 subject, and second erect period omitted 
on 1 subject. 4 

t Average of 4 subjects; pulse missing on 1 subject. 
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Cuart 7.—Prevention of post-exertional orthostatic hypotension by excluding the circulation to 
the dependent legs. Just before the subject is tilted erect the cuffs about the thighs are inflated{to 
240 mm, Hg. 
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tained for 5 minutes. Even then the blood 
pressure was abnormal (Table 5). This 
subject also developed orthostatic hypo- 
tension after the pack test. 
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tered orthostatic syncope in 17 (17%) of 
100 aviation cadets who had run to ex- 
haustion on a treadmill. In all of these 
studies, including the present one, the 


TaBLe 5.—PERSISTENCE OF POST-EXERTIONAL ORTHOSTATIC HYPOTENSION IN A SUBJECT 
Fotuowine AN ENDURANCE HIKE (32 Miss) 


Blood pressure Heart Duration of 
: subject erect (70°) rate erect 
Time (mm. Hg) (per min.) posture Remarks 
Before hike 114/92 117 5 min. No symptoms ° 
1 hour after hike : Unobtainable 138 2 min. Syncope 
12 hours after hike (next morning) i Unobtainable 138 3 min. Syncope 
16 hours after hike : 100/92 120 5 min. Feels all right 
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CuHart 8.—Failure to produce orthostatic hypotension by trapping maximum amounts of blood in 


the dependent legs. 


Reactive hyperemia was used to induce maximal dilatation of the vascular beds 


of the legs and gravity plus venous occlusion to trap the blood in the dilated vessels. 


Discussion. Combining the data fol- 
lowing acute exhausting and prolonged 
enduring work into a group of 57 tests, 
post-exertional hypotension with syncope 
occurred in 14 (25%) and hypotension 
without syncope in 18 (32%). This agrees 
with the findings of other investigators. 
In a group of 50 students Mayerson" re- 
ported post-exertional orthostatic syncope 
in 17 (84%) and “poor response” in 10 
(20%). Allen, Taylor and Hall! encoun- 


subjects have been healthy, young adult 
males, at times in especially good physical 
condition (athletes). One can only guess 
that the incidence in older age groups 
might be considerably higher, and the 


‘inducing physical effort less severe. 


The erect position used in this study 
tends to minimize the incidence of ortho- 
static circulatory insufficiency: (a) the 
erect periods were maintained for only 
5 minutes; others have required 10 to 
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20 minutes, and (6) the body weight was 
borne by the legs, permitting muscle tonus 
to aid in the venous return from the legs; 
others have eliminated this by supporting 
the body from the pelvis or shoulders. 
Since the erect man normally supports 
his weight on his feet, it was felt that 
observations performed in this manner 
would come nearer to reproducing the 
conditions under which this syndrome 
might occur in everyday life. 
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explanation an inadequate return of blood 
to the heart. The beneficial effects result- 
ing from elevating the legs while the trunk 
remains erect, moving the legs when they 
are dependent, and excluding the circula- 
tion from the dependent legs, all suggest 
that the circulation in the lower extremi- 
ties is at fault and responsible for the 
decreased venous return. The question 
is the nature of this circulatory fault. 
Two possibilities present themselves: 
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CxHart 9.—Orthostatic hypotension with syncope following moderate work of long duration 
(32 mile hike). 


The failure to establish a clear-cut rela- 
tionship between post-exertional ortho- 
static hypotension and bodily configura- 
tion, tests of cardiovascular lability, or 
physical fitness gives, at present, no basis 
for predicting who will develop hypoten- 
sion after physical effort. It can, how- 
ever, be prevented by training, through 
repetition of the inducing physical work. 

The present study does not explain com- 
pletely the mechanism which permits the’ 
development of orthostatic hypotension 
after exertion, but suggests as a plausible 


(a) marked vasodilatation of the vascular 
tree of the legs and (6) failure of the mus- 
cular venopressor mechanism in the legs. 
The first of these assumes such a marked 
dilatation (exercise induced) of the vascu- 
lar tree of the legs that the total vascular . 
bed of the body is now disproportionately 
greater than the blood volume available 
to fill it at a normal pressure. The vascu- 
lar tree of legs would contain an excessive 
amount of blood which would be flowing. 
The second possibility assumes that such 
a vasodilatation is not by itself capable 
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of producing the hypotension, as long as 
blood flow through the legs persists, and 
suggests that the blood in the legs has 
become stagnant through the failure of 
the muscular venopressor mechanism to 
move it onward and upward. The blood 
in the legs would be relatively non-mov- 
ing. Since both mechanisms would reduce 
the amount of blood at heart level and 
induce hypotension, it may be considered 
an academic point to chose between them. 
Nevertheless, several observations suggest 
that failure of the venopressor mechanism 
may be a more critical factor than exten- 
sive vasodilatation. These are: (a) the 
delayed development of orthostatic hypo- 
tension in some subjects who stand without 
difficulty in the first erect period, when 
vasodilatation is greatest, and then de- 
velop hypotension in subsequent stands 
when vasodilatation is presumably dimin- 
ishing (Chart 3); (6) the persistence of 
the orthostatic hypotension for long peri- 
ods (several hours) after cessation of ex- 
ertion, when the vascular dilatation may 
be considered to have largely passed off 
(Charts 2 and 3); (c) the recovery of the 
blood pressure from hypotensive toward 
normal levels when the dependent legs are 
moved without significant additional work 
(Chart 6); and (d) the failure to induce a 
similar hypotension and syncope when 
maximum amounts of blood are trapped 
in the dependent legs of erect but non- 
exercised subjects, who develop orthostatic 
hypotension after exercise (Chart 8). In 
this last instance, the large blood mass in 
the legs is presumably still moved forward 
by the unaltered muscular venopressor 
mechanism of non-exercised legs. While 
the above observations suggest that a re- 
duced muscular tonus with a depressed 
venopressor mechanism in the legs plays 
the major réle in the hypotension, this 
point has not been substantiated by direct 
experimentation. Neither has the degree 
of vasodilatation in the legs been measured. 

This study, and similar ones in the 
literature, have all dealt with work  per- 
formed either largely or wholly by the 
lower extremities. The critical, parallel 
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observations following work of the upper 
extremities alone have yet to be carried 
out. 

It is desirable to point out again that 
post-exertional orthostatic hypotension is 
not limited to acute exhausting effort and 
that it occurs with almost equal frequency, 
and with similar physiologic changes, after 
prolonged effort at a lower work rate. 
This, together with the striking persistence 
of the orthostatic hypotension for long 
periods after cessation of work may be of 
significance to clinical medicine in an 
understanding of the collapse states, and 
even death, which are encountered after 
physical effort. If healthy, young men 
can develop circulatory failure while erect 
after exercise, one may guess that similar 
circulatory changes are not only likely in 
the older age groups, but that they may 
be more readily induced, more severe in 
their manifestations and capable of serious 
consequences. The effects of physical 
effort in the older age groups, and the rela- 
tionship of the changes thereby induced to 
subsequent disability appears to be a 
fertile field for study. 

Summary. 1. Orthostatic hypotension 
developed in approximately one-half of 
normal young men following vigorous exer- 
cise of the lower extremities. It followed 
prolonged moderate work as well as acute 
exhausting effort. 

2. In one-half of those who developed 
orthostatic hypotension (one-fourth of all 
subjects) the hypotension was so severe 
that syncope resulted. 

3. The orthostatic hypotension often 
persists for long periods, over 1 hour, after 
cessation of the inducing physical effort. 

4. The causative factor appears to be a 
pooling of blood in the dependent lower 
extremities, presumably due to failure of 
the muscular venopressor mechanism in 
the legs, plus a work induced dilatation of 
their vascular beds. 

5. During the orthostatic hypotension, 
maneuvers which move blood out of the 
lower extremities, or exclude blood from 
them, relieve the hypotension. 


‘ 
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Studies of the physiological responses of men to high environmental tempera- 
tures require for their most general application a means of transfer of data 
secured under particular environmental conditions to other intermediate but 
untested conditions. This need would be fulfilled if there were available func- 
tional relationships capable of describing thermal stress to the man in terms of the 
various environmental factors. Such relationships for limited ranges of environ- 
mental conditions are available for convection (la, b, c, d) and for still more 
limited ranges for evaporation (1d, e). Thermal exchange by low temperature 
radiation appears to be well founded on both theoretical and experimental 
grounds (1f, 2a). The need for descriptive relationships of thermal exchange has 
led to attempts to extrapolate the meager data now available to conditions out 
of the range of the original experiments (3). 

The ideal procedure for establishing these relationships is by means of complete 
calorimetry. The technical difficulties and elaborate equipment involved in this 
approach become almost prohibitive when higher wind velocities and working 
subjects are studied. The simpler method of partial calorimetry has been used 
at the Pierce Laboratory with considerable success over normal temperature 
ranges (1). This approach is less satisfactory at more severe environmental 
conditions largely because of the greater difficulty of reaching thermal equilibrium 
and the consequent higher rates of storage (subject to considerable error in 
estimation). However, the potential usefulness and need (especially during the 
war) of even roughly quantitative descriptions of convection and evaporation 
at high thermal loads justifies their study by the method of partial calorimetry. 
The results of such a study are presented in this report. 

The principle involved in the use of partial calorimetry to iced thermal 
exchange into its several components is contained in the statement that at 
equilibrium (no increase or decrease in heat content of the body) the rate of 
thermal flow outward across the envelope of reference (skin) is equal to the rate 
of thermal flow inward, or, in the absenee of thermal equilibrium, that these two 
rates differ by the rate of change in the heat content of the body. These con- 
siderations apply regardless of the source of heat (metabolism, environment, 
stored heat) or the nature of its transfer (convection, conduction, evaporation). 
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2 Now at New York University College of Medicine, New York, New York. 
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This statement can be mathematically expressed as M+ S+E+C+R=0 
where the symbols represent, respectively: M, the rate of metabolic heat produc- 
tion, always positive in sign; S, the rate of storage (the rate of gain or loss in heat 
content of the body), positive in sign when the body heat content decreases, 
negative when heat is gained by the body; E, the rate of evaporative heat loss, 
always negative in sign; and C, the rate of thermal exchange by convection, and 
R by radiation, both positive when delivering heat to the body and negative when 
removing it. Of these variables, M can be determined from the rate of oxygen 
consumption; S from the changes in rectal and skin temperature, unfortunately, 
with uncertain reliability; and EZ from the evaporative weight loss of the subject 
and the latent heat of vaporization. With M, S,.and E available, the sum of 
C + Ran be calculated by difference. The separation of C from R can be accom- 
plished mathematically by taking advantage of the fact that R is independent of 
wind velocity, or alternatively R can be calculated from skin and wall tempera- 
tures by accepted principles and subtracted from the sum C + R. 

Utilizing the above principles, 4 subjects were studied while standing nude, 
standing clothed and walking clothed at 5 wind velocities in each of 7 environ- 
mental conditions, representing 3 moisture contents at 5 air temperatures (table 
1). It has been possible to make a fairly complete analysis of the standing-nude 
experiments. The data from the clothed experiments give less satisfactory 
results. 

Test conditions and procedures. The experiments were carried out on 4 
healthy young men whose physical characteristics are given in table 2. After 
preliminary training in the cool, they were trained and acclimatized to heat by 
working for 4 hours per day as follows: 4 days at D.B.° 120°F., W.B.° 78°F.; 
2 days at D.B. 120°F., W.B. 86°F.; 2 days at D.B. 94°F., W.B. 91°F.; 1 day at 
D.B. 96°F., W.B. 92°F .; and finally 1 day at D.B. 120°F., W.B. 88°F. During 
this period test clothing was worn and activity and environment were at least as 
severe as during the actual test days. Acclimatization produces well adjusted 
subjects with minimal changes in heat storage. 

Three subjects were used, with the fourth held in reserve, but helping in the hot 
room and receiving the same exposure as the 3 test men. On the eleventh test 
day the man in reserve replaced an original subject who was removed because of 
an upper respiratory infection. With this exception, the subjects were in good 
condition throughout the study. They spent 7} hours in the hot room each: test 
day, but slept in barracks maintained at normal temperatures. Data were 
collected on 5 days in each week. Sunday was spent out of the hot room and 
Monday was devoted to reacclimatizing 4-hour marches. 

The 7 environments were studied in a regular sequence, one wind velocity being 
covered each day (table 1). The completion cf each cycle of 7 environments 
was followed by a ‘Base Day’, The coefficients of convection, radiation and 
evaporation for all ‘Base Days’ agreed well with each other, indicating that the 


°D.B. dry bulb temperature. 
6 W.B. wet bulb temperature. 
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TaBLE 1. Environmental conditions studied 
Number in parentheses, environment code number; number with degree sign, wet bulb temperature [. 


VAPOR PRESSURE 
-Hg 


DRY BULB TEMP. 


13 25 36 
be sh Se) Se He RMIT ees 
90 (1) 69.5° x x 
96 (2) 41557 (5) 82.8° (7) 91.0° 
105 (3) 74.0° x x 
120 (4) 78.0° (6) 88.0° x 
Wind velocities 
CODE FT/MIN. 
a 30 
b 75 
¢c 150 
d 300 
e 600 
Sequence of environments 
The number refers to environment, the letter to wind velocity. 

WEEK! u(Acc)2 fl WwW db F ) 
1 120-88 Bd? 6a Te 5e 2a 
2 120-78 le se 4a Bd 6c 
3 96-91 Ze 5a 2c le 3a 
4 120-78 4c Bd 6e 7a 5e 
5 120-78 Ze la 3e 4e Bd 
6 120-88 6b 7d 5b 2d 1b 
7 120-88 4d Bd 6d 7b 5d 
8 120-88 2b > Le 3d 4b Bd 


1 Starting 9 October, 1944. 
2 Acc = Re-acclimatization, no data collection. 
3 Bd = Base Day; D.B. 120°F—W.B. 88°F. 300 ft/min. 


TABLE 2. Physical characteristics of the subjects 


SUBJECTS COMPLEXION AGE HEIGHT WEIGHT SURFACE AREA 
PR Md ce cigepe One DL Beige, 4 a male a 
Mil light 20 166 62.4 1.68 
Lon light 22 170 65.5 1.75 
God}? brunette 20 185 62.5 1.82 
McG brunette 22 177 74.4 1.90° 


‘1 God replaced McG after 11 test days. 


physiological response of the subjects to the same conditions remained reasonably 
constant throughout the study. During the 8 weeks working metabolism fell 
by 10%; rectal temperatures and heart rates showed little consistent change. 
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The tests were carried out in a sheet-metal wind tunnel (53 ft. wide, 73 ft. 
high and 20 ft. long) in the hot room. Six 24-inch fans at the discharge end of the 
tunnel produced air flow, the velocity of which was changed by adjusting either 
the fan speed or the louvres (located just upstream from the fans) or both. The 
entering end of the tunnel was packed over the entire section with 30-inch lengths 
of 8-inch galvanized pipe lying in the axis of the tunnel. This served as an air 
straightener and protected the inside of the tunnel from outside air disturbances. 
Air movement was virtually uniform across the cross-section of the tunnel to 
within 6 inches of the walls. A treadmill on which the subject stood or walked 
constituted the central portion of the tunnel floor. The inside surfaces of the 
tunnel were painted flat black. Dry and wet bulb temperatures inside the tunnel 
were maintained at the designed conditions plus or minus 1°F. and were uniform 
laterally. Vertically there were gradients between head and floor levels of 1°F. 
or less for the cooler situations and not more than 3°F. for the hottest eonditions. 

On test days 3 separate experiments were performed on each of the 3 subjects 
in the same sequence: walking clothed in the morning, and standing nude and 
standing clothed in the afternoon. The subject always faced into the air flow 
and was accompanied in the tunnel by one observer who remained behind the 
subject at all times. 

The walking tests were performed on the treadmill at 3 m.p.h. and a 38% 
grade. This led to metabolic rates of approximately 160 Cal/M’/hr. The 
standing metabolic rates were in the range 40-60 Cal/M’/hr. 

All test periods were 30 minutes long and were preceded by an equilibrating 
period designed to reduce storage during the test period. Before the walking 
experiments the equilibrating period consisted of a 60-minute walk on the hot 
room track (2.7 m.p.h. carrying a 20-Ib. pack) followed by a 10-minute walk on 
the treadmill at the test wind velocity. Before the standing experiments it 
consisted of a 10-minute stand outside the tunnel either clothed or nude. 

During the clothed tests the subjects wore well laundered, two-piece, herring- 
bone twill (HBT) fatigue uniforms, light wool socks, cotton underwear shorts 
and field shoes. To avoid sweat loss by drippage the jacket was tucked into the 
trousers, the trouser legs into the sock tops, and the jacket cuffs into 4-inch 
wristlets made of sock tops. In the nude experiments the subjects stood on 
wooden clogs in a shallow tray containing mineral oil which collected the dripping 
sweat. In the clothed experiments a dry suit was donned immediately at the 
start of the test period just after the equilibrium period. In each experiment 
water salted to 0.1% was given in amounts approximating sweat loss. 

Data collected. The environmental conditions inside the wind tunnel were 
determined during each test period as follows: a) wet and dry bulb temperature, 
6 feet and 1 foot above floor level, three times per test period, by calibrated 
motor-driven psychrometers; b) wall temperature, of the 6-tunnel surfaces, by 
radiometer at the beginning and end of both the morning and afternoon tests; 
c) velocity of air flow at a point waist high, 4 feet in front of the subject, twice 
each period by a velometer and 3 times each period by hot wire anemometer. 

The following data were obtained on each subject: a) rectal temperature by 
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calibrated clinical thermometers at the start and end of each test period; b) skin 
temperature at the start, mid-point and end of each test period by radiometer 
when nude, by contact thermocouples when clothed; c) clothing temperature by 
radiometer at the same time as skin temperature; d) oxygen consumption in the 
walking tests during the first and last 10 minutes of each period by an open 
circuit system, and in the standing tests for the entire 30 minutes by a closed 
circuit system; e) heart rate at the beginning, mid-point and end of each period 
by palpation; f) evaporated sweat loss, determined by the difference in weight at 
the start and end of a test period of the subject plus his accessories (clothing in 
the walking experiments, clothing and towel in standing clothed experiments and 
towel and drip pan in nude experiments); g) total sweat loss, the evaporated 
sweat loss plus the increase in weight of the accessories above mentioned. 

Treatment of data. Weighted skin and surface temperatures were calculated 
for each of the 3 sets of readings in each period according to the weighting factors 
shown in table 3. These factors are based on the surface area measurements of 
Hardy and Dubois (2b).. The necessary readjustments required by the small 
number of zones measured were made by grouping unmeasured zones with those 
measured zones which in previous studies had been observed to have similar 
temperatures, admittedly a dangerous expedient. It receives some justification, 
however, in that at the high temperatures here observed, the maximum range of 
variation of skin temperatures from zone to zone is small. The emissivity of 
both skin and clothing was taken as unity. The initial and final weighted skin 
temperatures were used in the calculation of storage and the average of the 3 
values per period was used in calculation of vapor pressure and temperature 
gradients. 

The 6 readings of dry bulb temperatures in each period were averaged to give 
the value used. The wet bulb temperature was similarly obtained. Vapor 
pressure was calculated from these averaged dry (74) and wet bulb temperatures 
(Twet) by the formula: 


Pxs0 = PHorwet — 0.265 (Te a Teds 


This expression was based on calibration of the psychrometers used in this study 
against dew-point measurements. 

Wall temperature was taken as the mean of the measurements of the six 
surfaces, and the average of the initial and final wall temperatures thus calculated 
was used. Wall temperatures deviated only slightly from air temperatures. 

Air velocity was obtained by averaging the 5 measurements made per period. 

The heat equivalent of the oxygen consumption was calculated in the usual 
way; the actual R.Q. was used to determine the caloric equivalent of oxygen in 
the open circuit runs, while the value 4.83 Calories/liter O2 was used in the 
standing experiments. 

The actual interval between the initial and final weights of the subject were 
used in calculating evaporation and sweat rates. This interval was longer than 
the tunnel exposure by about 2 minutes. Sweat loss, total and evaporated, was 
calculated from weight differences and water intake, corrections being made for 


TaBLeE 3. Factors used for calculation of weighted skin and surface temperatures 


WEIGHTING FACTORS 


HARDY, DUBOIS AREAS Clothed 
ZONES. MEASURED 
Nude Skin Standing Walking 
Zone Area Skin T, | Sptfecs SkinT, | Surface 

Head 0.07 Cheek 0.07 0.07 0.05 0.14e 0.12e 
Trunk 0.35 Chest 0.18 0.35tb 0.19 0.35tb 0.19 

Back 0.17 0.17 0.17 
Arms 0.14 Upper arm 0.14 0.14t 0.15 0.14t 0.15 
Hands 0.05 Palm 0.05 0.05 0.04 0.05 0.04 
Thigh 0.19 Thigh 0.39a 0.19t 0.40a 0.19t 0.33f 
Legs 0.13 Calf 0.20tc 0.13t | 


ee Se a ey Sy 


t—Obtained by thermocouple; all other temperatures by radiometer. 

a—Feet and legs grouped with thigh. 

b—Back and chest grouped. 

c—Feet grouped with calf. 

d—Because of increased surface area of clothed man, head and hand factors decreased, 
all other factors increased. 

e—Foot grouped with cheek. 

f—Legs grouped with thigh. 


TaBLeE4. Relation of clothed man surface area to nude man surface area 


TYPE! SIZE SURFACE AREA M? a 

FE 

SUB- “ : Al a 
JECT Height | Weight E a 
— Jacket | Trousers} Jacket | Trousers docket: Cinthed Nude 3 z 

@ | & g 

m | g 

cms kgm 

1 S |L | 163.8] 45.0 | 34R | 30-33 | 0.875 | 1.057 | 1.932 | 2.208 | 1.45 | 1.52 
2 I | L | 168.9; 57.5 | 34R | 32-33 | 0.981 | 1.146 | 2.127 | 2.489 | 1.64 | 1.48 
3 T 1 L | 183.5} 57.3 | 36R | 32-33 | 1.038 | 1.206 | 2.244 | 2.577 | 1.75 | 1.47 
4 S |1I | 157.5| 60.5 | 34R | 30-33 | 0,830 | 1.057 | 1.887 | 2.191 | 1.60 | 1.36 
5 I | I | 172.1] 68.2] 34R | 32-33 | 0.930 | 1.167 | 2.097 | 2.437 | 1.79 | 1.36 
6 T |I | 193.0} 89.2 | 38L | 34-33 | 1.086 | 1.180 | 2:266 | 2.680 | 2.18 | 1.22 
7 S |H | 161.3 | 66.6 | 34R | 34-33 | 0.882 | 0.992 | 1.874 | 2.195 | 1.69 | 1.29 
8 I | H | 176.5 | 85.5 | 38L | 38-33 | 1.045 | 1.278 | 2.323 | 2.703 | 2.00 | 1.35 
9 T | H | 182.9 | 101.4 | 40R | 40-33 | 1.169 | 1.424 | 2.593 | 3.013 | 2.21 | 1.36 


1§ = Short; I = Intermediate; T = Tall; H = Heavy; L = Light. 
2 = Surface area of head + hands + feet + clothing = 0.19 nude man S.A. +clothing 
S.A. 
631 
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weight loss due to excess weight of CO2 excreted over O2 consumed and for loss 
of water from the lungs. The excess CO: was determined by the formula, 
(CO. — Os) grams/hour = 118 X O, (L/min)(RQ — 0.727). In the standing 
experiments the R.Q. was taken as 0.825. 

Surface area of clothed man. The problem of the clothed surface area is a 
difficult one involving not only the actual area but also the effective area as 
determined by the folds. From measurements of exposed clothing areas carried 
out on 9 men representing different body builds the ratio of clothed man surface 
area to nude surface area was calculated. The results are shown in table 4. 
These are maximum values since they are made on stretched clothing. It seems 
not unreasonable that the effective ratio would ordinarily fall in the range 1.20 
to 1.35. This series did not include the subjects used in the calorimetry studies. 
Because of the variation from man to man, and even from time to time, depending 
on how the folds fall, the coefficients of thermal exchange for the clothed men 
have been calculated using the nude surface area. This gives the most predict- 
able area and permits future correction should an acceptable factor for clothed 
men be found. Thus the coefficients for clothed men here calculated should 
be higher than those for nude men by the ratio of the two surface areas (1.20 
to 1.35:1). 


Notation, units and calculation of thermal exchange: 
C + R was calculated from the basic heat equation 
M+E+8+C+Rh+W=0 


where the terms have the following significance and origin: 


1. Evaporation 
E’ = Total heat exchange by evaporation, Cal/M’/hr. 
= (kg sweat loss/hr/M* — CO, excess/hr/M’) 575. 
H, = Heat exchange by evaporation in the respiratory tract, Cal/ 
M’/hr.’ 


= EH’ — H, = Heat exchange by evaporation from the surface of 
the body, Cal/M’/hr. 


7H, was estimated by making the assumptions indicated below as to vapor pressure of 
expired air and inspired spirometer air. 


Walking (open circuit system): 
H, = 0.0418 (P. — Pi) VR, where 
P, = vapor pressure of tunnel air, 
P, = vapor pressure of expired air, 
VR = ventilation rate, liter/min. 


Standing (closed circuit system): 
H. = 0.0418 (Psp — Pi) VR, where 
P.» = spirometer air vapor pressure taken as 90% saturated, 
P, = 44.6 mm Hg, except for ambient temperatures of 105°F. and above, where 49.2 
mm Hg was taken, 
VR = ventilation rate, liter/min.; estimated from rate of oxygen consumption by a 
correlation between the two used in this laboratory. 
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Pas.) = Vapor pressure of water in air, on skin, clothing, mm.Hg 

E/AP = Coefficient of evaporation, Cal/M’/hr/mm.Hg (‘(a — e)’ 
or ‘(a — s)’ following a coefficient signify that AP or AT has been 
calculated from the difference between air and surface or air 
and skin respectively.) 


2. Convection and radiation 


(C + R)’ = Total heat exchange by convection and radiation, Cal/M’ 
/hr, defined by (C + R)’'+M+S+H+W=0 
H, = Heat exchange by convection inthe respiratory passages, Cal/M” 
8 


C+ R=(C+ R)’ — H, = Heat exchange by convection and radiation 
from the surface of the body, Cal/M’/hr. 
T (a, w, s,e,r) = Lemperature of air, wall, skin, clothing, rectum, °C. 
C+R 
AT 


= Combined coefficient of convection and radiation, Cal/M?2/hr/°C. 


C/AT = Coefficient of convection, Cal/M’/hr/°C. 
R/AT = Coefficient of radiation, Cal/M’/hr/°C. 


3. Metabolism 
M = Metabolic heat production, Cal/M’/hr. 
4. Water ingested 


W = Heat exchange by water intake, Cal/M’/hr. = kgm. water/hr/M’ 
x CP ite ‘sa T) : 
5. Storage 
0.83) (weight in kgm) (0.67 AT, + 0.33AT,) 
= St Cal/M?/hr, = (0:83) (weight in kgm) (0.67 AT, + 0.3347.) 
pprmee: Gal / Mt fhe (Time interval, hours) (Surface area, M2) 


where 0.83 represents the average specific heat of the body and 0.67 and 
0.33 are the fractional portions of the body conforming to average 
temperatures of 7’, and 7’, , respectively (2b). 


Legitimate corrections were made even though their order of magnitude was 
low in relation to the probable error of the measurements. Thus, the weight- 


8 H. was estimated from the ventilation rate and an assumed temperature of expired 
air thus: 


H. = 0.0187 (Ts — Texp.) VR, where 

T, = Temperature of ambient (inspired) air, 

T, + Ts 
2 


VR as defined under H,. 


T exp. ay and ) 
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loss correction for excess CO, was at most only 12 grams/M’/hr. 4H, in the 
walking experiments ranged from about 5 Cal/M’/hr. in the humid environ- 
ments to about 15 Cal/M’/hr. in the dry environments. In the standing 
experiments (closed circuit system) H, was independent of ambient vapor pres- 
sure, and ranged from —1 to +4 Cal/M?/hr. 4H. was ordinarily less than 1 
Cal/M’/hr. in the standing experiments at 120°F, increasing in the walking 
experiments to about 2.5 Cal/M’/hr. 

Reliability. Granting the validity of the determination of the thermal 
quantities H, M and S, the question arises whether the E experimentally meas- 
ured is equivalent to the # required by the basic heat equation. 


8 c 
CLOTHED CLOTHED 


EVAPORATION FROM EVAPORATION FROM EVAPORATION FROM SKIN, 
WET SKIN. SKIN THROUGH DRY 
CLOTHING. 
T Te T Ts 
M-E E € 
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ut 
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A 8 c ie) 
1) E-M =C+R Te-T = Ii(M-E) Ts-T =1i (M-E) Ts-T = 1iM 
2) M-E =-(C+R) T - Te® Ic(M-E) T-Te =I M T -Te = IcM 
3) Ko(To-Ts)=CtR Te- Ta® IoM-E) Te-Ta = Ia (M-E) : Te-Ta= Ia(M-E) 
4) ao =CtR Te- Te (Tit IcXM-E) Ts-Te =(1i +I¢) (wept) Ts-Te =(litle)M 
5) Te-To e(C+R) Te To=(ZitIc+IoXM-E) Te-Ta a(tieTetta) (w-e -Taeti) Ts -To + (TitTe tle) (M-€ te) 
i 

-T Je-Te , JetLi “Te Ii w-E hte Te-Te Witte M_ 

ie ee = as Te-Ta “" Te ace ous we Te-To la M-E 


7) ‘Ta-Ta *#fa (ME) 
B) Té-Ty “ly 
Fig. 1. EQUATIONS OF THERMAL FLOW FOR EVAPORATION FROM VARIOUS SURFACES. In 
all cases it is assumed that S = 0, and that the condition C + R+M + E = 0 is ful- 
filled. Eis always negative for the conditions considered here. The rates of heat transfer 
by C and by R are combined in a common coefficient K = 1/1. 


Consider first evaporation from wet skin in the nude man illustrated in figure 
1A. In this situation the rate of heat flow to 7 from the environment will be 
equal to K.(T. — Ts), where K, represents the combined coefficients of C and RP. 
Since the only other source of heat to the surface 7; is M(taking S = 0) and 
since for a steady condition of heat flow, the rate of access of heat to the surface 
must equal the rate of heat dissipation, the following condition is fulfilled: 
K.a(T. — Ty) + M + (—E) = 0. Since K.(T. — Ty) = C + R, the basic 
equation is satisfied with respect to the surface Ty. Since radiometric measure- 
ment of the temperature of wet skin actually measures the water film tempera- 
ture, the significant temperature for the surface of reference is actually obtained. 

Three possible paths of evaporation from clothed men are illustrated (fig. 
1B, C, D). Equations of heat flow for these situations are developed in an 
analogous manner. For convenience, they are arranged-as equations of tempera- 
ture difference (see Burton, 6). Note that equations 3B, C and D all have the 
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same form I,(M — E#) = (T. — T.). Since thisis equivalent to K.(T. — Ts) = 
M — E, and K, (T. — T.) = C + R for the clothing surface, the required 
condition is fulfilled for these 3 conditions of evaporation from the clothed man, 
when 7’ is taken as the temperature of reference forC + R. Incase a water film 
of appreciable thickness is present on the clothing the correct surface temperature 
is no longer T, but the temperature of the water film; this is still the temperature 
actually measured. 

The reliability of C + R by thermal difference where C + R = 
—(—H)—M-—S-—W is limited by the accuracy of estimation of E, M, and S. 
In the calculation of Z, use of the same value for the latent heat of vaporization 
for all skin temperatures and disregard of the energy involved in vapor expansion 
or change in temperature lead to errors which appear to be minor relative to 
other uncertainties. Also relatively minor is the error involved in disregarding 
frictional loss in correcting M for external work in the walking experiments. 

A reliable calculation of storage from the data available and by the procedure 
here used appears to be hopeless. The internal heat distribution undoubtedly 
varied during the test period, making untenable the use of any fixed distribution 
ratio for calculation of storage. Moreover, the assumption that weighted rectal 


® This conclusion is not invalidated by the fact that the amount of evaporation required 
for steady state conditions varies with the path of evaporation and with the insulation of 
the various layers through which the heat must flow. The difference in evaporation can be 
thought of as producing different temperatures of the outermost surfaces. Thus, in the 
case of evaporation from wet unclothed skin (fig. 1A) the equations of heat flow through the 
water film and from the water surface to the environment are: 


T, —T; =1,M (skin to water film) 
T,; —-T. = I,(M — E) (water to air) 
which upon adding gives 
, Ta ? , 
Ty — T; ap’ Oe +- r)( ae Bx E i BS =) (skin to air) 


These equations show, first, that 7’, is lower than the true skin 7, temperature by J;M, and 
second, that because of this lower temperature and the resulting increase in the rate of 
C + R transfer, the necessary EH for equilibrium is higher than the # for an infinitely thin 


Ie+I 
water film (Iy = 0) by the factor a i 


a 


The extra evaporation can be thought of as pro- 


ducing the lower T,. 

As noted above, a similar analysis of evaporation from clothed men leads to the requisite 
equivalence of equations 3B, C, and D despite the fact that # will vary with the path of 
evaporation. Extension of the analysis permits estimation of the relative rates of evapora- 
tion required by the three possible routes of evaporation for identical skin temperatures and 
environmental conditions. Thus, since for equal temperature gradients from air-wall to 
skin (7, — 74) the right-hand members of equations 5B, C, and D are equal and differ only 
in the coefficient of EF to preserye equality, H must increase as its coefficient de- 
creases. Hence for the same skin temperatures and environmental conditions £ will be 
largest when evaporation occurs initially from the skin and recondenses and re-evaporates 
from the clothing (smallest coefficient) (C, 5), and smallest when the evaporation occurs 
from the skin without subsequent condensation in the clothing (largest coefficient) (B, 5). 
Initial evaporation from the clothing (D, 5) requires an # intermediate between these two 
situations. 
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and skin temperatures are representative of any predictable mass of tissue re- 
mains questionable. With these uncertainties success in partial calorimetry 
depends largely on the degree to which negligible changes in storage are incurred. 
Because of the above sources of error, and those incurred in the temperature 
measurements themselves, useful study of the C -+- R exchange has been restricted 
to the two 120°F. environments. In these environments the large C + FR ex- 
change reduces the relative importance of these sources of error. 

The reliability of the coefficients of C + R depends not only on the thermal 
difference, C + R, but also on the accuracy of the temperature differences 7, — T, 
and JT, — T.. Two factors enter into the reliability of the Ta — T's or e) , the 
accuracy of the individual measurement and the reliability of the weighting 
formula. 

The weighting procedure for an average skin temperature (7’,) is reasonably 
reliable inasmuch as variations in temperature of individual areas are small. 
In the clothed man the weighting procedure for an average surface temperature 
(T.) is less reliable because of the greater temperature differences between in- 
dividual areas resulting from uneven wetting and the presence of folds in the 
clothing. Moreover, while the emissivity of skin may be taken as unity without 
error, a similar assumption for clothing is not valid. The effect of a low clothing 
emissivity on the measurement of T, would be to underestimate T, — T, , both 
where the clothing temperature is above ambient (7. as calculated would be too 
low) and where clothing temperature is below ambient (7. as calculated would 
then be too high). If radiation exchange only were involved, the temperature 
error would be self-compensating inasmuch as the error could be considered as 
an apparent reduction in either emissivity or radiation area. However, a real 
error is incurred with convection exchange, since this must be related to the true 
temperature. The assumed clothing emissivity of 1 here used is probably not 
greatly in error. Crude measurements in this laboratory gave a value between 
0.85 and 0.9 for the emissivity of dry HBT. Aldrich, quoted by Wulsin (7), 
gives the value of 0.81 as the emissivity of HBT at low temperatures (60°C.). 
These values suggest a possible error in JT, — T, of 10% to 20% and a correspond- 


ing error in oe whe . Inthe 120°F. environment, the measured T, would be high 


by 1 to 2°C. Since water has a high emissivity at these temperatures, and since 
the clothing was at least partially wet in all the experiments, the error may be 
even smaller. 


RESULTS 


Nude subjects: Evaporation. Under normal circumstances the sweat-regulat- 
ing mechanism adjusts sweat output to a rate adequate to maintain thermal 
equilibrium. As the thermal stress increases, whether external or internal 
(metabolic), the sweating rate progressively increases until heat dissipation by 
evaporation compensates for the heat gain of the body. With increasing sweat 
rates or with decreasing evaporative capacity of the atmosphere (high vapor 
pressure, low wind velocity) the sweat output eventually becomes high enough 
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to completely wet the surface of the subject. When that condition is reached the 
rate of evaporation becomes a function of two factors, wind velocity and the 
difference in vapor pressure between the water on the skin and in the atmosphere. 
However, when the wetting of the surface is not complete, then the rate of sweat 
output, hence sweat evaporation, is determined by the imposed thermal stress, 
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WIND VELOCITY- FEET / MINUTE 
Fic. 2. EVAPORATION AS A FUNCTION OF WIND VELOCITY FOR NUDE STANDING SUBJECTS. 
The circled numbers correspond to the environment numbers as given intablel. The lines 
are drawn according to the equation E/AP = 1.44V°97, 


and the rate of evaporation per se is independent of environmental factors. 
Consequently, if one is to evaluate the influence of wind velocity and vapor- 
pressure difference on rate of evaporation, it is necessary to confine study to those 
conditions where the rate of evaporation is limited by the capacity of the atmo- 
sphere to take up moisture, i.e., to the completely wetted condition. 

The failure of wind velocity to influence the rate of evaporation at low sweating 
rates is shown in figure 2 in which the apparent coefficient of evaporation is 
plotted against wind velocity for the 7 environments studied. In the first two 
environments the rate of evaporation is independent of wind velocity. The 
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rate of evaporation begins to increase with wind velocity when environmental 
dry bulb temperature alone increases (increased sweat rate), as in environments 
3 and 4, and when the evaporative capacity of the atmosphere decreases (in- 
crease in ambient vapor pressure), environment 5. Finally, with still greater 
reduction in the evaporative capacity of the atmosphere, environments 6 and 7, 
sweat is produced more rapidly than it can be evaporated, and the coefficients 
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Hie " Hicetiuniuk sd AS A FUNCTION OF WIND VELOCITY FOR NUDE STANDING SUBJECTS 
To insure complete wetting only those experiments in which 10% or more of the sweat re 
mained unevaporated are included. 

Fig. 4. CoMPARISON OF VARIOUS RELATIONSHIPS THAT HAVE BEEN USED TO DESCRIBE 
EVAPORATION AS A FUNCTION OF WIND VELOCITY. 

Fig. 5. CoEFFICIENTS OF CONVECTION PLUS RADIATION PLOTTED AGAINST WIND VELOCITY. 
Nude standing subjects. 

Fic. 7. COMPARISON OF VARIOUS RELATIONSHIPS that have been used to describe con- 
vection as a function of wind velocity. 


of evaporation increase decisively with increasing wind velocity reaching limiting 
values indicated by the lines in figure 2. 

By limiting consideration to those experiments where a high degree of wetting 
is present, data useful for characterizing the influence of wind velocity on evapora- 
tion can be obtained. An objective basis for selection is to include only those 
experiments where evaporation was less than 90% of the total sweat output, 
i.e., 10% or more of the sweat dripped from the man or remained on the skin. 
Dita so selected are plotted in figure 3. These coefficients show reasonably good 
grouping and suggest an exponential relationship between the coefficient of 
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evaporation and wind velocity. A line fitted to the data by the method of 
least squares yields the equation E/AP = 1.44V°*". The exponential relation- 
ship has precedent in the findings of Powell (4) on the rate of evaporation from 
cylinders, and has also been suggested on theoretical grounds (5). Studies of the 
influence of wind velocity on evaporation from completely wetted cylinders by 
Powell (4) and Fourt (quoted in 3) have indicated that the coefficient of evapora- 
tion varies approximately as V°°. In contrast, our results suggest that the 
coefficient is a function of V°*. The reasons for the difference are not clear. 
Two possibilities are suggested: 1) that in our experiments complete wetting of 
the skin was not maintained at the higher wind velocities; 2) that: the human 
body, though often conveniently considered as consisting of a series of cylinders, 
differs sufficiently in its actual geometrical configuration to account for the 
difference. 

In figure 4 the coefficients of evaporation obtained in this study are compared 
with those from the two studies on cylinders mentioned above and with an 
extrapolation used by the Pierce Laboratory (1d, e). The deviation of our 
results from those derived from the Pierce Laboratory equation is not surprising. 
This equation is an extrapolation by a questionable procedure and is based on a 
still air evaporation coefficient. However, the differences between our results 
on man and those of Powell and Fourt on cylinders will require further study and 
eventual explanation. 

Convection and radiation. Figure 5 shows the coefficients for the combined 
C + R calculated from the nude experiments in environments 4 and 6. The 
points are moderately well grouped and fall around a smooth curve. Since a 
certain amount of leeway is possible in fitting a curve to these points, a number 
of curves considered equally probable were drawn and analysed. If the assump- 
tions are made that the convection coefficient is related to an exponential function 
of V and that the radiation coefficient is independent of V, the following equation 
is suggested : 


C+R 


ea (a + bY’) 


where a corresponds to the radiation coefficient. Differentiation of this expres- 
a ¥] AV against log V should give a straight 
line having a slope equal to (c — 1) and an intercept equal to log be. Establish- 
ment of b and c permits calculation of a. Values of a can be calculated for each 
pair of C + R and V values, and the results so obtained then averaged. Alter- 
natively C + FR can be plotted against the appropriate function of V, and a line 
fitted by the method of least squares. This procedure, which fixes both a and b, 
is illustrated in figure 6A for F (V) = v’*. Treatment of the several curves in 
this way leads to a series of equations whose limiting values are expressed in the 
two equations 


sion suggests that plotting of log 


| Cite: 0.62 
dy ar = 6.85 + 0.237 
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and 


(2) C+R 


~——_— = 5.65 + 0.538V"". 

AT 65 + V 
The equation describing convection as function of V°° is tentatively favored 

for several reasons. The ~/V relationship leads to a more acceptable value for 


R 
R/AT. The theoretical value of the coefficient, 77 = 4.92 x 10 °(Tt — T2) 
Ee 2 


is 6.19 at the approximate temperatures of these experiments (37°C. and 48°C.). 

The value of 6.85 (equation 1) is thus too high even if the effective radiation area 

were equal to the man surface area. The coefficient of 5.65 (equation 2) gives 

in relation to the theoretical value of 6.19 a radiation area of 91%; this is rea- 
A B Cc 


STANDING NUDE (c-s) STANDING CLOTHED (a-e) WALKING CLOTHED (0-e) 


a 266+.65 VV 


StR 
AT 
CAL./ M7HR/*C 
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Fic. 6. CoNVECTION PLUS RADIATION VERSUS WIND VELOcITY. Circles: 120°F, D.’B., 
78°F, W. B. Triangles: 120°F, D. B., 88°F, W. B. The coefficients are based on the tem- 
perature difference from air to skin (a — s) in the nude experiments and air to clothing 
(a@ — e) in the clothed experiments, and on actual skin surface area, not the clothed surface 
area. 


sonably close to the estimated value of 80%. In addition, equation 1 leads to 
lower values for C/AT at very low wind velocities than does the second equation. 
Comparison with data available on C/AT at such wind velocities (id) favors the 
higher convection coefficient given by the V°° relationship (equation 2). 

Measurements of convective exchange with cylinders for a wide range of air 
temperatures, cylinder sizes and wind velocities (5) have been satisfactorily . 
correlated with air movement by means of dimensionless ratios. These correla- 
tions favor the exponent of 0.6 for V for the range of wind velocities here studied. 
However, until data permit a more definite choice than is now possible, the ~/V 
relationship seems more satisfactory. 

The dimensionless ratio procedure has been used to extrapolate the Pierce 
Laboratory data to higher wind velocities (3). Lines are drawn in figure 7 


10 With this method of extrapolation the exponent of V increases with V, consequently 
curve 2 (fig. 7) leads to higher values than curve 1 at high wind velocities. 
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to represent the original Pierce Laboratory expression, the revised form as 
extrapolated and the two expressions suggested by the present study. The 
deviation of the Pierce Laboratory data from ours probably derives from the 
different experimental conditions employed. Their air movement was turbulent, 
secured by several fans in a small booth; in our studies the flow was linear. 

No attempt has been made in this treatment to correct the convection co- 
efficients for natural convection (chimney effect). It is probable that natural 
convection contributes significantly to the coefficients at low wind velocities; 
however, inadequacy both of the data and of the theoretical treatment of this 
problem (see McAdams, 5) makes such correction unprofitable at this time. 

The expressions suggested here for thermal exchanges are presented only as a 
convenience in correlating the data and for use in interpolation. It would be 
foolhardy to use these equations to extrapolate beyond the conditions from which 
they were derived. Moreover their application to eonditions where air flow is 
not linear may not be valid. 

Clothed subjects: Evaporation. Evaporation from clothed subjects may pro- 
ceed according to several different paths. In certain situations several patterns 
of evaporation may be occurring simultaneously at different points on the body. 
Three possible paths are illustrated in figure 1 B,C, and D. In an attempt to 
define a coefficient of evaporation, it is necessary to consider on what factors the 
coefficient depends. Whenever evaporation occurs from the surface of com- 
pletely wet clothing, as in C or D, figure 1, the controlling factors are the same 
as those operative in the nude subject; namely, vapor pressure difference be- 
tween surface and air and wind velocity. The situation changes, however, when 
as in B, figure 1, evaporation occurs from the skin.and the water passes through 
the clothing as vapor. In this case the significant vapor-pressure difference is 
that from skin to air, not clothing to air. A new factor is introduced, the dif- 
fusion resistance offered to the vapor by the clothing barrier. Though wind vel- 
ocity is still an influencing factor, its contribution is considerably reduced by 
the interposed diffusion resistance. 

Though there is little reason to anticipate that the rate of evaporation from 
completely wetted clothing would differ significantly from the rate of evaporation 
from skin, several factors in the present data prevent the demonstration of this 
probability. After the initial warm-up period, the subject donned a fresh dry 
uniform and then entered the wind tunnel for the 30-minute test period. Conse- 
quently, even with the highest sweating rates, the clothing was dry during 
a portion of the test period. Therefore, in none of the clothed experiments was 
evaporation confined exclusively to the clothing surface; a portion of the evapora- 
tion must have occurred from the skin through the clothing. 

The increased difficulties in assigning a mean temperature to the surface of a 
clothed, as compared to a nude, man have been described; these uncertainties 
influence the reliability of P.(since P, is based on T,) and hence of P, — P, and 
the evaporation coefficient, H/AP. 

An evaluation of the effective wind velocity on a man walking in a moving air 
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stream will be presented later. The data now to be considered have been plotted 
against the tunnel wind velocity. 

Figures 8 and 10 indicate the effect of wind velocity on the coefficient of evap- 
oration for standing clothed and walking clothed men in the 7 test environments. 
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Fie. 8. EVAPORATION AS A FUNCTION OF WIND VELOcITY for clothed standing subjects. 
The circled numbers correspond to the environment numbers as given in table 1. The co- 
efficients of evaporation are based on the vapor pressure gradient from clothing to air 
(a — e) and on the actual skin surface area of the subject, not the clothed surface area. 
Only those experiments are plotted in which 20% or more of the sweat remained unevap- 
orated. 
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As in the nude subjects, the rate of evaporation is virtually independent of wind 
velocity at low sweat rates (less severe environments), but becomes progressively 
more dependent on wind velocity as the environmental severity increases. In 
the nude experiments maximal coefficients were approached when the data was 
restricted to those situations where less than 90% of the sweat was evaporated. 
For the clothed subjects (figures 8 and 10) even with a still more generous allow- 
ance for wetting (evaporation less than 80%, 20% or more unevaporated), a 
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progressive increase in the coefficient continues as the sweating rate increases and 
evaporative capacity of the environment decreases. This suggests that the 
allowance for wetting of the clothing is still inadequate. To test this possibility 
the data were separated into groups according to total sweat output (figures 9 
and 11). This analysis shows a progressive increase in the coefficient of evapora- 
tion with increasing sweat rates, but there is little to suggest that maximal rates 


GROUP | TOTAL SWEAT O- 500 GM./HR. GROUP 3 TOTAL SWEATY 1000- 1400 6M./ HR. 
5 
6) 
6 
4 
2 
ro} 
xr | 
z 
15 
30 
> 6 
= 4 
a2 
Oo 
-— 
a 
<j 
= 
- + & 
A 2 
: Hi 3 
O 4 
2 a 8 
| Oo 6 : 
To) 100 1000—is + 7 96° 91.0° 


WIND VELOCITY -FEET/MINUTE 


Fig..9. EVAPORATION AS A FUNCTION OF WIND VELOcITY for clothed standing subjects. 
Data as in figure 8 grouped according to amount of total sweat. 


are being approached, except perhaps for group 4, figure 11, which includes the 
highest sweat rates. 

In a further analysis of group 4, the tunnel wind velocity was corrected for the 
increased motion of the arms and legs by adding 150 feet/minute (explained in 
the next section) to all wind velocities, and the coefficients were corrected to a 
clothed surface area, using a factor of 1.3. These corrections permit comparison 
of the coefficients for clothed men directly with the coefficients determined on 
nude subjects (fig. 12). Since most of the points fall below the values for the 
nude subjects, incomplete wetting of the clothed surface occurred in even the 
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most favorable situation, indicating that in none of the clothed experiments have 
maximal surface coefficients of evaporation been reached. 

The 20% allowance of unevaporated sweat is probably more than adequate to 
ensure complete wetting of the skin. Hence it seems likely that the measured 
rates of evaporation under such conditions can be considered as maximal co- 
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Fig. 10. EVAPORATION AS A FUNCTION OF WIND VELOcITY for clothed walking subjects. 
The circled numbers correspond to the environment numbers as given in table 1. The co- 
efficients of evaporation are based on the vapor pressure gradient from clothing to air 
(a — e) and on the actual skin surface area of the subject, not the clothed surface area. 
Only those experiments are plotted in which 20% or more of the sweat remained unevap- 
orated. 


efficients, not for completely wetted clothing, but for partially wetted clothing 
where the evaporation occurs to varying degrees through several paths: a) from 
wet skin through the dry clothing, b) from the surface of wet clothing. 

The situation is a complex one and is not susceptible to simple analysis: or 
presentation in a form likely to be generally useful. The presentation given 
in figures 9 and 11 may be useful for some purposes. It should be noted, how- 
ever, that the coefficients are calculated on the gradient from the clothing surface 
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toair. This is not the significant gradient for evaporation from the skin through 
dry clothing. Data are available on the influence of fabric porosity on the 
evaporation coefficient (Fourt, 3). However, they are of little help in the 
absence of a basis for determining the proportion of evaporation that occurs from 
the skin through clothing. Lacking such information, the most useful purpose 
of the present data is to give gross coefficients of evaporation for a range of sweat 
rates. 
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Fig. 11. EvAPORATION AS A FUNCTION OF WIND VELOcITY for clothed walking subjects. 
Data as in figure 10 grouped according to amount of total sweat. 


Convection and radiation. ‘The effective wind velocity increase resulting from 
the arm and leg motion of walking has been estimated by direct comparison of the 
coefficients of evaporaton and convection of standing and walking men (fig. 
13). The chart shows — for the 120°F. environments 4 and 6 and E/AP for 
those experiments where the total sweat output was between 1400 and 2100 
grams/hour. The abscissal differences between the curves drawn through the 
points are given in table 5 and suggest that the effective wind velocity for a 
walking man is increased by 80 to 200 ft/min. above the measured air velocity 
in the tunnel. The intermediate value of 150 ft/min. is used below (also fig. 
12) to correct the measured wind velocity in the walking experiments. Where 
this is done the symbol V’ is used, where V’ = V + 150. 
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The procedure used for separating C from R in the clothed experiments is 
based on the assumption that C/AT is functionally related to wind velocity in 
the same way in the clothed tests as in the nude ones. To this end the values of 


Coca are plotted against ~/V in figure 6 B and C. Lines fitted to the points 


AT 
by the method of least squares give the equations 
Standing clothed: ae = 2.66 + 0.65-/V 
Walking slotlved, ae = 3.43 + 0.66-/V’. 
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Fig. 12. CoEFFICIENTS OF EVAPORATION for clothed walking subjects corrected for 
clothing surface area and for the apparent increase in wind velocity due to walking. In- 
cludes only those experiments in which sweat rates ranged between 2000 and 2700 grams/hr. 


Consider first the coefficients of R. Since the walking man has a larger effec- 
tive radiation area than the standing man, the values 2.66 and 3.43 qualitatively 
bear the correct relationship to each other. Quantitatively their ratio of 0.79 is 
somewhat lower than would have been expected on the basis of estimated radia- 
tion areas of 80% and 90% for the two conditions, respectively. 

The absolute values of these radiation coefficients are much lower than antici- 
pated and no reasonable explanation has been found for the discrepancy. Due 


R 
to the larger surface area of the clothed subject, the AT for the clothed man 
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should be 20% to 30% higher than for the nude man unless the clothing emis- 
sivityislow. This possibility appears to be ruled out by the data available on the 
emissivity of the clothing worn. 
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Fig. 13. ILLUSTRATION OF THE METHOD used to estimate the influence of walking on the 
apparent wind velocity. Smooth curves are drawn through the points from the standing 
clothed experiments (open circles) and walking clothed experiments (closed circles). The 
abscissal displacements are listed in table 5. A, presents evaporation coefficients for stand- 
ing and walking experiments where the total sweat rates are in the same range. B and C 
show similar comparisons of convection plus radiation coefficients for environments 4 and 6, 
respectively. ; 


The convection coefficients C'/AT = 0.65+/V and 0.66 ~/V’ are in good agree- 
ment. Their ratios to the corresponding value (0.53) for the nude subjects are. 
1.23 and 1.24 which are perfectly compatible with the anticipated increase in 
surface area of the clothed men. 
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C+ Rk 
N h h ] 
evertheless, the tota AT 


may therefore be raised, whether the satisfactory values for C/AT may not be 
fortuitous and whether the net deficit of C + R should be distributed between 
both the convection and radiation coefficients, making both coefficients too low. 
Since the possible error in measurement of JT, — 7. from assuming too high a 


C+R 


is lower than can be explained. The question 


value for clothing emissivity terids to underestimate T. — T., AT would 
be still lower if the correct T, — T. were used. Thus, though a as calcu- 


TaBLe 5. Apparent increase in wind velocity with walking 


WIND VELOCITY 


ft./min. 
Standing Walki 
Clothed Cloth | . 


E/AP 1400 to 2100 gms/hr 


cals M2 Hr 
8 300 145 155 
7 215 80 135 
6.5 180 40 140 
C+R 
AT Env. 4 
15 610 420 190 
12 360 150 210 
10 225 45 180 
C+R 
AT Env. 6 
22 580 480 100 
15 260 180 80 
13 190 50 140 


lated is low, the full extent of this deficit may have been concealed by dividing 
by a too small AT. 

From a practical standpoint, convection or radiation to clothed men is most 
satisfactorily defined in terms of the effective insulation of the clothing. How- 
ever, the evidence that E can vary according to the path of evaporation inde- 
pendently of clothing insulation indicates that difficulty may be expected in 
characterizing clothing insulation from the data available. This is further shown 


by equations B, C and D of figure 1, where Tr. wd f is related to the various insula- 
e~ La 
tion coefficients and to M and EH. In the simplest situation, 6B, the clothing 


T,- Ts 


ToT and in this case J, + J; can be calculated. 


insulation J, + J; is equal to Ja 
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7, — Te. 


When, however, evaporation deviates from this route as in C and D, I, ———-° Top 


no longer a simple function of the clothing insulation. 
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Fig. 14. APPARENT CLOTHING INSULATION IN RELATION TO UNEVAPORATED SWEAT. 
Fic. 15. RouNDED VALUES OF COEFFICIENTS OF CONVECTION, RADIATION AND EVAPORA- 
TION, NUDE SUBJECTS. 


Recognizing this, but in an effort to cast some light on the effect of clothing 


‘a! (or Mite eae has been plotted against 


wetness on its insulation, J, ?,-f\) &7.—7, 
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unevaporated sweat in figure 14. The result, as anticipated, suggests that with 
increasing wetness of clothing its conductance increases. 

Two factors suggest that the apparent insulation as plotted in figure 14 may 

17, — T, 
should differ only slightly from the true clothing insulation, J; + J, , since the - 
coefficient of FE in the denominator of equation 6C can be expected to be very 
close to one. Second, condition D, fig. 1, requires that 7. be lower than T,. 
In the condition here treated, where 7, is higher than T,, a negative ratio, 
ie oa = would result if condition D dominated. The absence of negative values 

e”~ ta 
in figure 14 suggests that evaporation according to path D is relatively minor. 


be reasonably valid: First, in condition C (fig. 1) the value plotted 


DISCUSSION 


The results of the analysis of the experiments with nude subjects appear 
fruitful. The coefficients of the three exchange paths studied, convection, radi- 
ation and evaporation, are all consistent with expectations and with the limited 
data available for comparison. The data for evaporation has no counterpart; 
the only reasonable comparison is with the data of Powell and Fourt (4, 3). 
The differences revealed by this comparison are perhaps not larger than would be 
anticipated, taking into account the scatter of our results and the inherent dif- 
ferences in the type of experiment. Further study is desirable on many grounds, 
but especially needed is an answer to the possible criticism that incomplete 
wetting was present in our experiments at the higher wind velocities. 

The independent estimation of the radiation coefficients yields a satisfying 
confirmation of earlier work. As more information accumulates over extended 
ranges of conditions, the adequacy of the theoretical description of radiation 
exchange as applied to nude men becomes more apparent. 

As with radiation, the descriptions here offered for convection exchange in 
nude men fall largely into the category of extension of available information to 
different conditions of air flow and to more severe environmental conditions. 
The most useful information on convection exchange at high wind velocities will 
probably come from study of linear air flow which occurs much more frequently 
at high wind velocities than does turbulent flow. 

For practical use, the following rounded values are suggested for the coefficients 
derived from the nude experiments: 


Evaporation, E/AP = 1.4V°“ 
Convection, C/AT = 0.5V°° 


C+R 
AT 
In these equations thermal exchange has the units Cal/M’/hr/°C. or mm.Hg, 


and air velocity is expressed as feet/minute. Lines drawn from these equations 
are shown in figure 15. 


Radiation + convection (120°F.), = 5.7 + 0.5V"". 
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The results from the experiments with the clothed subjects are perhaps most 
useful insofar as they point out the complexity of the problem and the difficulties 
likely to be encountered in applying the method of partial calorimetry. Most of 
the uncertainties of the present analysis would be eliminated if a complete heat 
balance were available. The evaporation coefficients require complete restudy 
under conditions insuring better control and greater uniformity of wetting, a 
difficult but very practical and important task. 

The data presented here on the gross coefficients of evaporation for clothed 
men are of very limited usefulness, but until better information is available, 

‘they may serve to fix the order of magnitude of evaporation from partially wet 
clothing. 

With respect to the convection and radiation coefficients from the clothed 
men, two alternatives are offered. The easiest course at the moment is to dis- 
regard the results on the basis of inadequate definition of the surface temperature, 
or measurement of storage, or both. On the other hand, if we are to accept the 
eminently reasonable values found for C/AT we are forced into the necessity of 
accepting what at present appears to be an unacceptable value for clothing 
emissivity. 

SUMMARY 


1. Coefficients of thermal exchange for nude men standing and for clothed 
men, standing and walking, have been estimated by partial calorimetry in 7 
environments and at 5 wind velocities. Dry bulb temperatures ranged from 
90°F. to 120°F; vapor pressures, 13 to 36 mm.Hg; wind velocities, 30 to 600 ft/ 
minute. 

2. In nude subjects the maximum coefficient of evaporation can be described 
by the equation E/AP = 1.4V"". 

3. Sweating rates adequate to measure the maximum coefficients of surface 
evaporation in clothed men probably were not reached. Charts presenting the 
coefficients actually found are shown. 

4. Coefficients of convection for nude men can be described by the equation 
C/AT = 0.5/7. 

5. Estimates of the convection coefficient for clothed subjects gave values 
23% and 24% higher than the coefficient found for nude subjects. This is 
consonant with estimates of the ratio of the surface area of clothed to nude men. 

6. The coefficient of radiation for nude subjects was 5.7 Cal/M’/hr/°C. 
This value is in agreement with a theoretical coefficient based on emissivities of 
wall and skin of 1 and a radiation area equal to 91% of the surface area. 

7. The coefficients of radiation for clothed subjects were much lower than 
would be predicted from reasonable assumptions as to emissivity of the clothing 
surface. No explanation of this discrepancy is offered. 

- 8. Movement of the arms and legs while walking resulted in an increase in the 
apparent wind velocity. This amounts to approximately 150 ft/min. over the 
tunnel air flow when subjects walk at a 3 m.p.h. pace. 
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The Influence of Cold Upon the Efficiency of Man 


By Steven M. HorvatH and ArTtTHUR FREEDMAN 
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HE LOSS in efficiency due to 
\ oe to cold has not been 

very clearly defined by field ob- 
servers. The common impression ap- 
pears to be that the performance of 
specified tasks requires the service of 
more man-hours, the commonly stated 
ratio varying from two to four times 
that required to do the job under tem- 
perate environmental conditions. Com- 
prehensive time studies have not been 
made. Such problems cannot be ade- 
quately studied in the laboratory. 
However, related problems, such as 
hand strength and finger dexterity are 
capable of analysis and solution. The 
hands and their adequate protection are 
of prime importance to a soldier, since 
they must be used continually and ef- 
ficiently in the handling and repair of 
weapons and personal equipment. 


METHODS 


During the past year considerable 
information has been obtained in an 
attempt to clarify these problems. 
These studies were conducted at —10° 
to —14° F. and at —20° F. with zero 
wind velocity. The last temperature 
was selected because it was considered 
to be the lowest temperature at which 
both the personnel and the vehicular 
equipment of the Armored Command 
would be able to function without 
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the occurrence of serious breakdowns. 
Observations were made during two 
types of cold exposure: 


1. Long term—up to fourteen days of 
continuous residence in the cold room. 


2. Short term—acute exposures of three 
hours’ duration. 


The tests employed in these studies 
were: 


1. Simple Visual Discrimination Reaction 
Time 


2. Johnson Code Test 


3. The gear assembly test devised at the 
laboratory 


4. Hand Grip Test—dynamometer 


Twenty-two men who lived in the 
cold chamber for periods of eight to 
fourteen days were subjects for one 
group of experiments. These men 
were exercised outdoors for twelve 
days and then were brought into the 
air-conditioned laboratory (tempera- 
ture 72° F., relative humidity 50 per 
cent). After four days in this environ- 
ment they entered the cold room, tem- 
perature —20° F., and remained there 
continuously for from eight to four- 
teen days. After arising from their 
sleeping bags, their daily routine con- 
sisted of the following: psychomotor 
tests, breakfast, a one-hour walk at 2.5 
miles per hour, a period of quiet sitting 
for two hours followed by lunch. After 
lunch there was an hour’s walk also at 
2.5 miles per hour, a half hour of heavy 
work, another hour’s walk, psycho- 
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motor tests and then supper. The eve- 


nings were free periods with entertain- 
ment in the form of motion pictures. 


Seventy men (fifty white and twenty 
negro) were used in these tests, the 
only psychomotor test made on them 
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Fig. 1. 
environmental conditions. 


Partial escape from the cold was pos- 
sible by the provision of a small hut 
in the cold chamber, the temperature of 
which was above zero but below freez- 
ing. The men usually retired early in 
the evening to their sleeping bags. 
These men wore the six-piece arctic 
~ assembly with mukluks and felt boots 
(Alcan type). The handwear used was 
the M-1943 mitten combination. 


The acute exposures consisted of 
periods of three hours at temperatures 
of approximately —10° to —14° F. 
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Average scores on the Johnson Code Test during successive continuous exposures to constant 


being the grip strength test. These men 
were dressed exactly alike (Arctic 
Zone Issue M-1943) and were exposed 
to the cold on three successive morn- 
ings. 
RESULTS AND DISCUSSION 

Johnson Code Test.—This test is 
presumed to measure responses at a 
cortical level. However, since the test 
requires the use of a pencil to write 
down single letters of the alphabet, the 
test had for our purposes additional 
value as a measure of finger dexterity. 
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An initial period of instruction and 
practice was given to each man prior 
to the first experimental session, in or- 
der to familiarize him with the tests 
and to advance his performance be- 
yond the stage of rapid learning. The 
extretnely long ‘learning curve which 
was found to occur with this test was 
a handicap. Although the Johnson 
Code Test was performed with and 
without mittens (wool, trigger finger) 
the results presented are only those 
when the mitten was worn. Two tests 
were given at each session. The data 
are presented in terms of corrected 
scores, the time required to perform 
the test adjusted for the errors made. 
In this test, the poorer performer has 
the higher score. 


Since the individual curves had the 
same general configuration, an average 
curve is presented in Figure 1. The 
men appeared to reach an equilibrium 
state in their scores just prior to enter- 
ing the cool environment and remained 
close to this level during their stay at 
+72° F. Their performance was 
markedly inhibited by an environment 
of —20° F. The influence of cold on 
ability to perform the Johnson Code 
Test is apparently masked by an un- 
completed learning curve as is evi- 
dent from the tests made in the follow- 
up period at a cool environment 
(+72° F.) which revealed continuing 
improvement in accordance with the 
trend line. 


There is immediately a question as 
to which of the two factors acting in 
this test, cortical activity or finger dex- 
terity, are primarily affected by the 
cold. Since there was no increase in 
the number of errors made by the 
men, the possibility that cortical activ- 
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ity may be impaired appears to be 
ruled out. It is probable, therefore, 
that the influence of cold is most evi- 
dent in loss of finger dexterity. The 
abilities.to approximate the fingers and 
to flex and straighten the basal joints 
are presumably affected by exposure to 
cold. The movements requiring the ap- 
position of the thumb and fingers are 
concerned in many grasping and ma- 
nipulative movements; activities such 
as writing, buttoning coats, working ra- 
dio knobs, et cetera, become difficult — 
in cold environments. . 


Gear Test.—Ten of the twenty-two 
subjects were tested on the time re- 
quired to disassemble and reassemble a 
Peep differential ring gear assembly. 
The subjects wore wool mittens and 
were required to use a hammer and an 
open-end wrench, in addition to the 
hands, for this manipulative fest. 
Eight recessed nuts and bolts held the 
assembly together. A period of time 
for practice was again allotted the sub- 
jects to get them beyond the learning 
stage before actual testing began. 


In general the results of this test 
were similar to those found for the 
Johnson Code Test. The poorest per- 
formances were observed when the 
test was performed in the cold. In the 
cold environment, the average per- 
formance for the two best men was in- 
creased from approximately two and 
a half minutes in the cool temperature 
to four minutes in the cold. Like all 
tests of this type there was a consid- 
erable difference in the amount of de- 
terioration that occurred ; the best sub- 
jects showed the smallest degree of 
change, and the poorest the greatest 
change. es . 
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Simple Visual Discrimination Reac- 
tion Time——The discriminative reac- 
tion time, two choices, was measured 
by a one-hundredth-second standard 


attentiveness can also produce consid- 

erable variation in performance. 
Figure 2 illustrates the typical re- 

sponses observed in all of the subjects 
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Fig. eS Simple visual discriminative reaction time of a subject at + 72° F. and 
205 ns 


electric time clock, the lighting of one 
of two neon tubes being used for the 
stimulus. This test was used as a 
measure of speed and precision. Each 
subject was given fifty trials, and the 
average of all trials was used to indi- 
cate his performance. This test, while 
easy to give, also has a long learning 
period and is not readily applicable to 
studies of short duration. es in- 
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tested. The early portion of the learn- 
ing curve is omitted. No alteration in 
reaction time was detected either dur- 
ing the exposure to the cold or as an 
after-effect of cold exposure. In ten of 
the twenty-two men given this test, 
there was a sharp decrease in response 
on the first evening test in the cold en- 
vironment. Following this initial lower 
response, the reaction times returned 
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to their former values and exhibited 
only minor fluctuations thereafter. In 
general it appears that cold has no in- 
fluence on speed, precision, nor reac- 


and mitten, shell, trigger finger M-1943. 
Each man’s grip was measured prior 
to entering the cold room and again 
immediately preceding his exit after 


TABLE I. THE INFLUENCE OF EXPOSURE TO COLD ON THE 
GRIP STRENGTH OF WHITE AND NEGRO SOLDIERS 


Per Cent Loss of Grip Pressure 


Day of 
Exposure White Negro 
Right Hand Left Hand Right Hand Left Hand 
nS Se 31.5 28.4 29.0 30.3 
2 28.6 27.7 30.1 27.0 
3 26.9 30.0 27.1 24.2 
Average 29.0 tS 987 28.7 27.2 
TABLE II. GRIP STRENGTH OF WHITE AND NEGRO SOLDIERS 


AT A COMFORTABLE AMBIENT TEM PERATURE 


Grip Strength in Kilograms 


White Negro 
Without With Without With 
Mittens Mittens Mittens Mittens 
Mean 51 44 55 46 
Range 
(maximum) 37-71 25-68 33-85 30-72 


tion to visual stimuli as measured by 
this test. 


Tests were made not only at the be- 
ginning and the end of a day’s work 
but also during the day immediately 
following a bout of exercise. No effects 
due to fatigue were observed. 


Grip Pressure (Hand Strength).— 
It was possible to make a study of the 
grip pressure exerted by seventy sub- 
jects on each of three successive days 
of exposure to the cold. These men sat 
quietly for three hours each morning in 
the cold room at an ambient tempera 
ture of —10° to —14° F. They were 
dressed in similar clothing and all wore 
the same glove combination, viz., mit- 
ten, trigger finger insert, wool M-1943 


162 


three hours of quiet sitting. The outer 
shell mitten was removed and the hand 
strength measured with the wool mit- 
ten on the hand. A hand dynamometer, 
calibrated in kilograms, was used to 
measure the hand strength. 

The average grip pressure exerted 
by the men was approximately 53 kilo- 
grams. This was decreased to some 45 
kilograms when the mittens were worn 
(Table II). The subjects showed wide 
variability in hand strength. After the 
men had sat for three hours at —10° 
to —14° F. there was an average de- 
crease in grip strength of about 28 per 
cent (Table I). There was no differ- 


ence between the white and negro sol- 


diers. The negro groups were in the 
cold for only two and one-half hours 
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instead of three hours required of the 
white soldiers. The frequency distribu- 
tion of the alterations in hand pressure 


for all subjects is shown in Figure 4. 


enced in the hands and the extent to 

which grip pressure had decreased. 
The loss in hand strength became 

apparent quickly in some of our sub- 


PERCENT INITIAL GRIP 
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SUBJECTIVE SENSATIONS IN HANDS 


Fig. 3. Changes in exerted pressure (hand grip 


in a subject during exposure to —10° to 


—14° F. Open circles indicate right hand, and Dy a circles indicate left hand. Initial value, 


47 kilograms, equals 100 per cent. 


It is evident that there is a wide dis- 
tribution in the extent of weakening 
which occurred. For some unexplained 
reason hand strength was not dimin- 
ished in approximately 2 per cent of 
the trials. 


At the time that the men squeezed 
the dynamometer, just before leaving 


- the cold room, 65 per cent of them re- 


ported their hands to be “painfully 
cold,” 27 per cent had hands that were 
just “cold” and 8 per cent had hands 
that were only “chilly.” However, 
most of this last group had reported 
their hands to be cold with varying de- 
grees of pain sometime during the pre- 
vious hour and a half. No correlation 
was found between the subjective re- 
port of the severity of pain experi- 
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jects. Figure 3 illustrates the behavior 
of one of these men. At the end of the 
first half hour a decrease of about 20 
per cent was observed, although the 
subject’s hands were still “comfort- 
able.” Even when he reported his 
hands to be only cold, he had a dimi- 
nution in strength of approximately 
50 per cent. When control observa- 
tions were made at the same time in- 
tervals at a comfortable ambient tem- 
perature (+72° F.), only minor vari- 
ations were found in the pressure ex- 
erted. 


These data present a picture of the 
interference with strength and dexter- 
ity when men are exposed to cold en- 
vironments. In general, interference is 
greater for the man with the smaller 
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Fig. 4. Changes in exerted pressure (hand grip) of seventy subjects following exposure to —10° to 


—14° F., while sitting for three hours. 
indicate ‘negro subjects. 


grip strength and least for the man 
with the greater grip strength. It is 
also shown that the best glove combi- 
nation available does not provide ade- 
quate insulation to permit men _ to 
maintain their hands at their optimum 
efficiency. Any loss in strength or dex- 
terity is of extreme importance to ar- 
mored personnel. For example, nuts 
and bolts tightened in a warm environ- 
ment could not be loosened by a cold 
hand nor tightened sufficiently to pre- 
vent a mechanical breakdown. The loss 
in hand strength and finger dexterity in 
cold environments indicates the need 
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Open columns indicate white subjects, while cross-hatched columns 


for extreme care in the design of 
equipment for cold weather operations. 


CONCLUSIONS 


1. The reaction time to visual stim- 
uli was not altered during continuous 
exposure to a low environmental tem- 
perature for periods of eight to four- 
teen days. 

2. Dexterity of the fingers and hand 
strength was markedly diminished by 
exposure to low ambient temperatures 
even when the duration of such ex- 
posure was for a relatively short pe- 
riod of time. 
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The only unequivocal evidences of acclimatization to environmental conditions 
differing radically from normal temperate environments are those reported 
to occur in hot environments (4, 5, 12, 14). Data on the process of acclimatiza- 
tion to cold are lacking, although Bazett and his co-workers (1, 2, 16) have 
demonstrated slow adaptations to cool environments. A most remarkable 


example of adaptation to an ambient of approximately 0°C. has been shown to ~ 


occur in the Australian aboriginal (6). Not only does he exhibit a greater 
lability toward vasoconstriction but also his heat production on exposure to 
cold remains at a constant level. On the other hand, according to Hill and 
Campbell (7), children receiving cold open-air treatment have elevated basal 
metabolic rates. Eskimos also exhibit BMR’s from 14 to 21 per cent above 
normal standards (3). Animals have increased metabolic rates during and 
immediately after a period of continuous exposure to cold (11, 13, 15). 

Most of these observations were made at relatively warm environments, 
freezing and above, and consequently do not provide the answer as to whether 
acclimatization occurs in the very extreme ambient temperatures observed in 
arctic and sub-arctic regions. Arctic explorers differ widely in their opinions both 
as to the occurrence and the rate of development of acclimatization. 

In previous reports, Horvath and co-workers (9, 10) discussed the effects of 
short intermittent exposures to environments as low as —47°C. on the func- 
tioning of the heat regulating apparatus of men who either sat quietly or worked 
at a standard rate. Due to the nature of the observations, it was not possible 
to obtain evidence for or against the development of acclimatization to low 
temperatures. The data to be presented in this paper are concerned primarily 
with the reactions of men to an eight day period of continuous exposure to an 
ambient temperature of —29°C. 

Mernops. A group of ten healthy young soldiers! were trained for twelve 
days outdoors in the July heat of Fort Knox, Kentucky. Their training con- 
sisted of walking a distance of 12 miles daily at a speed of 3.0 mph. Additional 
walks on the treadmill were also made daily. After this preliminary period, 
they were brought into the cold chamber described in another report (9) and 
remained there for three days in an envirionment of 25°C., R. H. 50 per cent. 
The chamber was then cooled to —29°C. Six of the ten men remained in 


1 Now at the Department of Physical Medicine, University Hospital and Graduate School 
of Medicine, University of Pennsylvania, Philadelphia, Pennsylvania. 
2 Now in private practice, 1000 North Elm, Greensboro, N.C. 
3 Now a student at Ohio State University Dental School, Columbus, Ohio. 
4 Average age, 21.5 years; height, 68 inches; weight, 155 pounds; and surface area, 1.83 
square meters. 
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the cold room continuously day and night for eight days, while the remaining 
four slept in their barracks at night, but entered the cold chamber before 
breakfast each morning and remained there until after sundown each eve- 
ning. They engaged in practically the same activities as the six men who 
resided continuously at —29°C. In the cold room the men wore the six piece 
Arctic Suit® M-1942, which has an insulative value of 3 to 4 Clo. Their daily 
activities for the three days previous to cooling the chamber, for the eight days at 
—29°C., and for the three days following the cessation of their low temperature 
exposure consisted of this set pattern: One hour’s walk at 3.0 mph. after break- 
fast, then two hours of quiet sitting followed by lunch; after lunch, an hour’s 
walk, a half hour’s heavy work period, another hour’s walk, a period of quiet 
sitting for 40 minutes, a series of psychological tests, and then dinner. There 
was some entertainment in the form of radio and reading during the day and 
motion pictures in the evening. Partial escape from the cold was permitted in 
the evening by the provision of a small hut in the cold chamber (temperature 
—5 to0°C.). However, the men usually retired into their sleeping bags early in 
the evening. 


TABLE 1 
SUBJECT AGE HEIGHT WEIGHT SURFACE AREA (M2) 
Sore VUE ne: cam nn ne (He iC [rit Pets 

FO 19 182 76.6 1.98 

CU 20 175 70.6 1.85 
RE. 20 172 65.8 1.76 

MO 19 165 56.6 1.64 

BE 27 178 68.7 2.00 


The results of studies on fluid balance, blood, and psychological responses 
(8) will be reported in later publications. The present paper is based primarily on 
observations of the sitting and working metabolism of five of the ten subjects. 
Only one of these five men was a member of the group which spent a portion of 
its time outside the cold room. The physical characteristics of these subjects 
are given in table 1. The procedures employed in this investigation were similar 
to those previously described (9, 10). The sitting metabolism of subject BE 
was obtained with a closed circuit apparatus and consequently for two hours he 
breathed air which was at a temperature of +20°C. . For all the other sitting 
subjects the temperature of the inspired air was —29°C., the expired air being 
collected for ten minutes in Douglas bags. Analyses of aliquots of the collected 
air were made in duplicate on Haldane machines. Skin temperature data were 
incomplete, since the correct techniques for preventing breakage of the copper 


5 This consisted of two sets of } inch pile trousers, two sets of } inch pile parkas and a 
white cotton camouflaged outer suit. The inner pile suit was worn with pile towards the 
skin, while the pile of the outer suit faced the camouflaged garment. Two pairs of heavy 
wool socks were worn inside mukluks. Hand protection was provided by a pair of wool 
gloves and outer shell mittens (M-1943). 
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constantan thermocouples had not been fully developed. However, some data 
on toe temperatures were adequate and will be discussed. Rectal temperatures 
were obtained by means of calibrated clinical thermometers. 

RESULTS AND Discussion. The average rectal temperature of the five subjects 
throughout the day (measurements made on arising, after first work period, after 
rest period, after each of three afternoon work periods, and prior to retirement) 
was approximately 37.8°C. during the entire eight days at low environmental 
conditions. This was very similar to values obtained during the preliminary 
and the post-exposure periods. No significant changes were noted in the basal 
rectal temperatures secured while the subjects were still in their sleeping bags. 
Variations were noted in each subject but were not consistent. Basal values 
as low as 35.2°C. were found in a number of cases. The rate of fall of rectal 
temperatures during the sitting periods did not differ appreciably on any of the 
eight days. During the last third of the sitting period of the third day, there was 
observed a large fall in the rectal temperatures of all subjects, but its cause was 
not determined. Since adequate consecutive data on mean skin temperature 
were not obtained, changes in mean body temperature could not be estimated. 
In the few subjects on whom chest and thigh temperatures were successfully 
secured on all days at the low ambient temperatures, no changes attributable to 
duration of exposure were found. 

The basal heart rate was not altered during the period of cold exposure. The 
mean values on the second day of cold were 56, on the fifth day, 55, and on the 
eighth day, 58. The heart rates during the sitting periods (table 2) were var- 
iable and might be explained as due to increased muscle tone or slight shivering 
by some of the subjects. 

The mean oxygen consumption (open circuit method), during the two hours 
that four subjects sat quietly (fig. 1), showed an increase of approximately 30 
per cent over control values at +25°C. Detailed data secured at three points 
during each two hour sitting period are given in table 1. No consistent pattern 
was exhibited during the eight days of exposure. While in general all subjects 
showed a trend to remain at an elevated level during the exposure to cold, two 
roughly similar groupings were noted in the daily variations of caloric expendi- 
iture. Nothing in the past experiences or the physical characteristics of the 
subjects could be correlated with these patterns. 

After returning to a comfortable environment, the subjects’ oxygen consump- 
tion decreased but was still higher than the pre-cold control values. This stimu- 
lating effect of cold exposure confirmed the results of animal experiments con- 
ducted by Horvath et al. (12). 

It is of interest to compare the metabolic rates obtained on two subjects 
similarly exposed (fig. 2) when one of them, BE, breathed warm air while the 
other, FO, breathed cold air (—29°C.). Neither of these two subjects reported 
gross shivering, although they undoubtedly had some increased muscular tone. 
The increased metabolism was seen initially in both subjects, but after the first 
three days BE’s heat production began to decrease, and in the last few days it 
was only slightly elevated. This response would be considered a classic example 
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of acclimatization to cold except that it was not noted for any of the four subjects 
who were breathing cold air. The after-stimulating effect of cold on metabolism 
was not observed to occur in subject BE. It is of special note that, while all the 
subjects reported they did: not mind the cold so much after the first few days, 
only BE stated that he was definitely more comfortable. Whether he was the 
only subject to be acclimated or whether the breathing of warm air was the 
deciding factor was not then determined. Some experiments performed later. 


TABLE 2 


The mean metabolic values obtained on four subjects who sat for a period of two hours each 
day during continuous exposure to the designated environmental temperatures 


ENVIRONMENTAL TEMP. °C 


25.0°C. —29.0°C. 25.0°C. 


Days of exposure 
1 | 2 | 3 | 4 | 5 6 | 8 9 10 i 
At 40 minutes 


ots USS AG cE « eee ae 0.86) 0.83] 0.86) 0.86) 0.83) 0.75) 0.85) 0.88) 0.82) 0.79) 0.83 


Ventilation L./min.............. 8.2 10.5 9.9 9.6 9.4 11.0 10.3 10.7 9.2 8.3 8.3 
OxvsCons ml. /mMini. sos. 3 354 482 472 451 427 493 461 501 378 368 = |378 
MOGI EAI 2G Stara cas Ce Rs 173 233 230 220 208 236 224 245 183 176 = }183 
Rectal teins 2c utes ba nee tae BY We Tal a 9 6s (ie (ess ea Boers oa 36.7° |< 37.0") 36:55 13026 | 36.7) | ooco 
Heart rate/min’. 225.) ov. As 60 | 62 68 74 | 74 78 66 69 81 | 75 74 


At 80 minutes 


| 
BRIG) ce ier srs ss ia cite Wi aa tye estas aca 0.89} 0.88 0.821 1.04; 0.86) 0.90) 0.86) 0.85) 0.94) 0.92) 0.80 


Ventilation L./min.............. 7.5 8.5 8.0 8.4 9.0} 12.0 9.4 9.8 9.5 9.5 | 8.2 
Oxy.,Cons: ML/MIN... aie acess [WOOT 358 368 316 381 503 374 416 303 309 = |324 
BUS [TODOS RN iboats ae es oe 150 175 178 161 186 247 182 202 151 153 | 156 
Rectal temp. °C...2........+....| 36.7] 37.1] 37.2] 37.1 | 36.9 |, 37.1 | 36.9 | 36.6 | 36.9 | 36.8 | 37.0 
Heart rates mini. 2 giccg eects 74 72 78 72 78 80 se 81 70 aie 


At 120 minutes 


j | 
SE ee eet cc eae anche Breer a 0.88 0.82 0.81 0.85 0.85 0.86); 0.83 0.92 0.82 0.80} 0.82 


Ventilation L./min.............. 7.4 9.4 9.2 9.5 9.7 | 10.2 9.4 9.6 8.5 1.94" 7.8 
Oxy. cons. ml./min..............| 300 400 426 419 442 455 424 420 354 330 = |332 
Cal Prec vos ceate ie ers 136 193 204 210 215 222 205 208 171 158 |160 
Rectal temp. °C....... .........] 36.9 | 36.9 | 36.9] 36.3] 36.8 | 36.9] 36.8] 36.7 | 36.9] 36.6 | 36.9 


Heart rate/mini es Sees. .2 sey 66 64 61 65 59 75 72 73 74 | 76 70 


failed to demonstrate any beneficial effects of breathing warm air during short 
periodic exposures to low environmental temperatures. 

The toe temperatures obtained on BE and FO are of considerable interest 
(figs. 8a and 3b). They show the changes that occurred during the three hour 
morning periods (8 to 11 o’clock). Their toe temperatures were quite low from 
awakening through breakfast, but the walk raised them to fairly high levels. 
During the subsequent two hours of cooling, seated subject FO (fig. 3b) exhibited 
a strikingly similar pattern on all days, his final temperatures reaching the 
neighborhood of 16°C., similar to his pre-exercise levels. On the other hand, 
BE’s toe temperatures presented definite evidence of an acclimatization effect 
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Fig. 1. The average oxygen consumption of four seated subjects during a two hour period 
in comfortable and cold environments. 
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Fig. 2. Average oxygen consumption of two subjects sitting for two hour periods while 
residing continuously at the designated ambient temperatures. 


in that the extremities not only warmed up more rapidly and to a greater degree 
on the last days of cold exposure, but also cooled at a definitely slower rate. 
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Fig. 3a. Toe temperatures of subject BE (one of the two subjects of fig. 2) during the 
morning hours of a period of continuous residence at a low environmental temperature. 
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Fig. 3b. Toe temperatures of subject FO (one of the two subjects of fig. 2) during the 
morning hours of a period of continuous residence at a low environmental temperature. 


There was a positive correlation between the higher final toe temperature and the 
mean calorie production during this cooling-off period. When his extremities 
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were cold, his metabolic rate was elevated and vice versa. If BE had been our 
only subject, definite evidence of acclimatization, in the usual interpretation of 
the word, again would be said to have occurred. However, his response was — 
atypical in view of the reactions of the other subjects, and the breathing 
of warmer air may have altered his responses to some extent. 

Metabolic observations were made on four subjects performing a standard 
amount of work at 25° and —29°C. Unfortunately, a follow-up period at 25°C. 
was not possible due to our having only one treadmill. Average data on four 
subjects are presented in table 3, with a graphic presentation in figure 4 of the 
findings on subject CU. As previously reported (10), exposure to low environ- 
mental temperatures was accompanied by an increased energy expenditure for 
the performance of a standard amount of work. The 25 per cent average rise 


TABLE 3 
Metabolic observations on four (4) men, dressed in Arctic clothing and walking on a 
treadmill at 3.0 MPH and a 3.3 per cent grade while exposed to an environ- 
mental temperature of —29.0°C. continuously for eight (8) days 


sat ae sla VENTILATION eo adh al Z pias nana HEAT PRODUCTION 
TEMPERATURE Siac 13s eee ee cA NES SR RES PRS SPT SIR PRPS Sihaene ea oe 
L./min A% A% L./min A% Cal/hr A% 
+25.0°C. 26.7 0.92 1222 360 
Days at —29.0°C. 
First 33.2 24.3 | 0.86 —6.5 | 1.65 35.2 483 34.2 
Second Blu 1625. OF 8% —5.4 | 1.50 23.0 440 22:2 
Third 30.9 Lehi OLSs —4.4) 1.54 26.2 452 25.6 
Fourth 32.4 Zl.3) | 0.90 —2.2) 1.51 23.8 448 24.4 
Fifth 32.6 22. Fb } 0.86 —6.5 | 1.59 30.3 464 28.9 
Sixth 3123 Des 0.89 —3.3 | 1.46 19.7 430 19.4 
Eighth 29.8 11.6 | 0.86 —6.5 | 1.50 23.0 438 2% 
BUOEO oi ais >| 81.6 18.4 | 0.87 —5.0|] 1.54 25.9 451 25.2 


* For days at —29.0°C. 


in caloric output was slightly, but not significantly, higher in this group of sub- 
jects than in the group exposed for only a single hour to a similar ambient tem- 
perature (10). The energy expenditure during work decreased with continued 
exposure to the low ambient temperature. Although no regular pattern was 
evident in this increased efficiency of performance, viz., a return to cool en- 
vironmental levels, the values obtained on the last two days were the lowest ones 
observed in the cold. Thus, continued exposure appeared to have a definite 
effect on physiological functions in that stimulation due to cold was less evident 
toward the end of exposure. This effect was not noted in all of the subjects 
(fig. 4). Except for his second day at —29°C., CU showed only minor changes 
in caloric output, which was partially a reflection of the slight rise in R.Q. ob- 
served in this subject. 

The average oxygen consumption of the four subjects appeared to have reached 
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Fig. 4. Observations made on subject CU during a one hour walk (a.m.) on a treaamill 
at a speed of 3.0 mph and a 3.3 per cent grade before and during an eight day period of con- 
tinuous residence in an environment of —29°C. 
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a fairly steady level after the first day in the low ambient temperature, the 
greatest variations being observed on the fifth and sixth days. The fall in R.Q. 
from the control days averaged about 5 per cent and showed minor variations 
during the succeeding days in the cold. The maximal fall occurred on the first 
day and, although it varied from day to day in the cold, it did not approach the 
pre-cold day values. Subject CU (fig. 4) again differed from the other subjects 
in that his R.Q. figures were generally higher during cold exposure than in the 
comfortable environment. 

The ventilation rates at all times were greater at —29°C. than at 25°C. This 
increase, an average of 18.4 per cent, was accomplished through increased depth 
of breathing, as the respiratory rate was not affected. The smallest increase, 
approximately 12 per cent, was observed on the last day of the test. The great- 
est change was noted on the first day in the cold. Lower values, but not in a 
definite progression, were found on all succeeding days. 

As illustrated in figure 4, the rectal temperature at the completion of the work 
period remained relatively constant during the successive days of cool and cold 
exposure. It is unfortunate that the constant breakage of thermocouples pre- 
vented collection of adequate data on the changes in body surface temperatures. 
The thigh temperatures obtained appeared to be higher on the last days than on 
the first days of cold exposure. The heart rate slowly decreased, the average 
fall being 12 beats. This may be in part a reflection of training. 

Although the cost to the individual] to do a given amount of work in the cold 
was always greater, a slight diminishing of this greater energy expenditure ap- 
peared to occur with longer periods of consecutive exposure to the low ambient 
temperature. This was reflected primarily in reduction of the total calorie out- 
put and the lowering of the minute ventilation volume. 

Only one of the quietly sitting subjects exhibited measurable improvement in 
his ability to tolerate cold. All of the other men had variable responses and none 
of the changes in the physiological measurements could be attributed directly to 
length of exposure. It is possible that the duration of exposure was too short and 
that changes similar to those seen in subject BE may have occurred if the ex- 
posure to the cold had been continued. 

There are indications that men do become acclimated to cold and that certain 
physiological mechanisms are involved in this process. Unfortunately, the in- 
dividual variations are so great that no clearly delineated statement of the 
mechanism can be given at this time. 


SUMMARY 


Metabolic observations were made on five subjects who resided continuously 
for three days in a comfortable environment, 25°C., for eight days in a cold 
environment, —29°C., and for another three day period at 25°C. No changes 
in basal values for heart rate or rectal temperature occurred. The caloric ex- 
penditures during quiet sitting and while performing a standard amount of work 
were higher during exposure to the low ambient. temperature. The duration of 
exposure to low temperatures did not markedly influence the energy output 
during the sitting period for four of the five subjects. The fifth individual, who 
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was breathing air of approximately 20°C. during this time, showed a striking de- 
crease in caloric output with increased exposure. The significance of this finding 
and its association with a higher level of toe temperature has been discussed. 
Four of the subjects exhibited an increased metabolic rate—an afterstimulating 
effect of cold—on their return to the control environment. This was not ob- 
served in the fifth subject, the individual mentioned above. 

The energy requirements for the standard work on a treadmill at 3.0 mph and 
a 3.3 per cent grade were increased during low temperature exposure. <A small 
but definite return towards normal values occurred with continued exposure, 
but its relation to the development of a state of acclimatization was not clear. 
The decrease could be explained adequately on the participation of a number of 
other factors. 

There is some indication from the data accumulated in this study that ac- 
climatization to cold may occur, but at the present the evidence is too equivocal 
for a definite statement. 
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HIS is the report of a cardiac asystole of nineteen seconds which occurred 

in a normal young soldier during a syncopal attack induced by physiologic 
means. Bradycardia during syncope is a common observation, and very low 
heart rates have been observed during syncopal attacks induced by various 
causes.'-!!_ However, prolonged asystole during syncope is uncommon except 
in subjects with certain types of heart diseases or with carotid sinus sensitivity. 
In the present case syncope and asystole occurred while the subject was in the 
erect posture following a bout of hard physical work. Severe physical exertion 
has been shown to be frequently followed by an orthostatic hypotension! 
which may be so severe that syncope results. 

The Harvard Pack Test'* was used as the exercise procedure. The subject, 
stripped to shorts, socks, and shoes, and carrying a pack weighing one-third of 
his body weight, steps up and down on a platform sixteen inches high once every 
two seconds for five minutes. This work rate is of such severity that approxi- 
mately one-third of normal young men fail to complete the required five minutes 
of effort. On stopping work, the subject sits down and, at intervals over the 
ensuing five minutes, the heart rate is counted. From these a fitness score is 
determined. 

Following the five-minute sitting period, the subject in this study was placed 
on a tilt table which was used to change his posture alternately from 70 degrees 
erect to supine. While erect, the body weight was supported by the legs and no 
measures were taken to prevent postural sway, other than admonitions to stand 
still. Except when the erect periods were shortened by syncope, each position 
was maintained for five minutes during which the heart rate, blood pressure, 
respiratory rate, and electrocardiogram were repeatedly determined. 


CASE REPORT 


A white man, 22 years of age, weighing 165 pounds, and 5 feet, 8 inches in height, had com- 
pleted basic training and for the preceding four months had engaged largely in clerical duties. 
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Received for publication Feb. 8, 1946. 

*Present address: New York University College of Medicine, New York, N. Y. 

+Present address: Department of Physical Medicine, University of Pennsylvania, Philadelphia, 
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Though somewhat overweight, his performance on fitness tests indicated an average physical 
fitness. The heart was not examined in detail but was assumed to be normal on the basis of good 
heart sounds without murmurs, a normal electrocardiogram, and the fact that he had passed 
several medical examinations without incident and had performed the physical tasks of military 
basic training without difficulty. 

On Oct. 19, 1942, he performed the Harvard Pack Test, became exhausted after four minutes 
and ten seconds, and developed orthostatic hypotension with syncope in the postexertional 
standing periods. On Oct. 29, 1942, he performed the test for the second time. He had had a 
mild common cold for four days but felt quite well. After two minutes and thirty seconds of effort, 
he was stopped because he began to lag behind the required pace of one step-up per two seconds. 
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Fig. 1.—Response of blood pressure and heart rate to change of posture before and after severe 
physical effort (Harvard Pack Test). Heavy dark line, heart rate; shaded area, blood pressure. After 
Period 5, only the erect periods are plotted. Each of these was preceded and followed by a supine 
period in which the blood pressure and heart rate were similar to those at the end of Period 5. 


Some of the circulatory changes induced by this second test are shown in Fig. 1. The ele- 
vated systolic blood pressure and rapid heart rate immediately after exercise (Period 1) are the 
usual results of physical work. Both the elevated blood pressure and heart rate subsided toward 
control values during the first erect period (Period 2) which was maintained for the required five 
minutes without discomfort. The breathlessness and distressing symptoms induced by the work 
had already disappeared. During the second erect period (Period 4) the systolic blood pressure 
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Fig. 3.—Control electrocardiograms before physical exertion. 
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fell steadily, the diastolic blood pressure remained unchanged, and the pulse pressure narrowed 
markedly. The heart rate, instead of accelerating, slowed progressively. Signs of increasing 
discomfort and incipient syncope developed. After standing for two minutes and forty-five sec- 
onds of this period, the blood pressure was 100/90 and the heart rate, 99 per minute; the subject 
was in severe distress. Suddenly the heart rate slowed markedly and before the subject could be 
tilted flat, he lost consciousness, collapsed, and had a short clonic convulsion. After becoming 
supine, consciousness rapidly returned and, with it, apparently complete subjective recovery. 

At the time of the collapse an electrocardiogram was being taken and is shown in Fig. 2. 
The two strips of this tracing are both Lead I and form a continuous record; the lower strip follows 
the upper one without a break in time. The tracing shows an increasing sinus bradycardia 
which leads to complete cardiac standstill. After 10.12 seconds of asystole (beginning of lower 
strip), the tracing is distorted by the muscular activity of the collapse and convulsion. A little 
over nineteen seconds (19.08) elapse between the onset of asystole and the first identifiable cardiac 
complex. This complex has a T wave of markedly increased amplitude which in subsequent 
complexes quickly reverts almost, but not quite, to the height of the pre-exercise control. 

For comparison, pre-exercise control electrocardiograms in the supine, sitting, and 70 degree 
erect posture are shown (Fig. 3), as well as the tracing taken immediately (from thirty seconds 
to ninety seconds) after the cessation of work (Fig. 4). 

Fig. 1 also shows that the postexertional orthostatic hypotension, syncope, and terminal 
bradycardia persisted for a considerable length of time. Syncope still occurred when the sub- 
ject was upright, forty-three minutes (Period 8), fifty-one minutes (Period 10), and fifty-eight 
minutes (Period 12) after exertion. However, these periods showed a progressive improvement 
in the circulatory response to the erect posture. With each succeeding period the blood pressure 
was sustained for a progressively longer time before it suddenly fell and was accompanied by 
syncope and slowing of the heart rate. It was not until one hour and fifteen minutes after the 
cessation of exertion (Period 16) that the erect posture could be maintained for the required five 
minutes, and even then the circulatory response had not yet returned to normal. The widely 
fluctuating, often low, blood pressure and the markedly narrowed pulse pressure indicated a per- 
sisting circulatory instability. 

Two electrocardiograms taken during this recovery period are shown in Fig. 5. The upper 
tracing, taken forty-five minutes after exertion and with the subject supine, is now similar to the 
pre-exercise control electrocardiogram. The lower tracing is Lead I taken fifty-six minutes after 
stopping work. The subject was erect; blood pressure, 100/92; pulse rate, 105 per minute. The 
transitory sinus slowing of the cardiac rate which appears in the middle of the tracing indicates 

‘that the conditions which produced the earlier asystole still persisted but to a very much milder 
degree. 


DISCUSSION 


The postexertional syncopal attack here described follows the pattern of 
vasovagal syncope described by Lewis.!7 The sudden cardiac slowing is generally 
attributed to vagal activity induced in turn by cerebral hypoxia. It has been 
demonstrated that marked vagal slowing of the heart occurs when the oxygen 
tension of the blood flowing to the brain is critically lowered'*!* or when the _ 
volume of the blood: flow to the brain is markedly reduced.!*?° In the case here 
described the train of events is believed to have been as follows: hypotension 
produced deficient cerebral blood flow which resulted in cerebral hypoxia; the 
latter induced vagal stimulation of sufficient intensity to produce cardiac arrest. 

The occurrence of asystole following physical exertion is reported largely 
because of its intrinsic interest. Here is a complete cardiac arrest induced by 
physiologic means. One speculates whether this episode may not have greater 
significance. Sudden death during or after exertion has been repeatedly encoun- 
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tered, even in apparently healthy young adults and athletes. Such deaths are 
usually attributed to a pathologic cardiac accident, generally coronary occlusion 
with myocardial infarction and terminal ventricular fibrillation. Where autopsy 
has been performed in such deaths, the overwhelming majority have revealed 
longstanding organic cardiac disease, often of a severe degree.*!-?> Occasionally 
no cardiac lesions are found. In both instances, fresh lesions capable of producing 
and explaining the immediate and sudden death are usually absent. This led 
Weiss” to call attention to the possibility that sudden death of this type might 
be the result not of an organic cardiac lesion but of purely circulatory changes, 
a ‘physiologic’? death. He suggested a fatal vasovagal syncope. The present 
case demonstrates that cardiac arrest, presumably of vagal origin, can occur 
under certain circumstances following severe exertion and suggests that this 
phenomenon may persist for a considerable time after the cessation of effort. 
In a healthy youth, presumably with a good myocardium and coronary circula- 
tion, the heart and the subject recovered from the vagal arrest without apparent 
ill effect. Perhaps a heart involved by myocardial or coronary artery disease 
may not recover and death may ensue. Weiss has suggested that diseased 
hearts are more prone to reflex cardiac stimulation than normal hearts. 


In the present case it is possible that the mild common cold may have 
played a significant role in the asystolic episode, for the circulation is known to 
be less stable during infections. Since fatality did not occur, this case cannot 
be regarded as indicating the mechanism of sudden death after exertion. For 
the same reason it cannot substantiate the hypothesis of fatal vasovagal syncope. 
It does, however, make this concept seem attractive. 


SUMMARY 


1. While standing erect following an episode of hard physical work, a 
normal young soldier suffered a syncopal attack during which a cardiac arrest for 
nineteen seconds occurred. 

2. Such an asystole raises again the question whether sudden death during 
and after physical exertion may be the result of a fatal vasovagal syncope. 


It is a pleasure to acknowledge the assistance of Major Edgar A. Blair, Infantry, Army of 
the United States, in this study, and the technical participation of Tec. 3 Howard Golden and 
Tec. 4 Wayland James. 
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January 1947 to April 1947 


The status of this sub is as set forth in the preceding nen 


tie “report has not changed materially due to delay in delivery of special pene 
| ment, shortage of help and the press of higher priority work in the machine bs 
shop. Soe s 
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PROJECT 55 


Sab as geeay Thermal Regulation During Fever. -~ C. KR. Park, Capt., MC 
and E, D, Palmes, ist ese Sat. 0 


This sub project as outlined in the preceding aera report is 
in the process of being edited in final report form. 


PROJECT 57-2 


i oa _ Sub Project:- Efficiency of Signal Corps Operators in Extreme Cold. -- fin ae 
Dr, EB. A. Blair, Chief Physiologist and C. W. Gottschalk, lst Lt., MC. ( 


This sub project has appeared in final report form. (Report 57-2). 


High Temperatures, Study of Physiological Effect of, AMRL 2-17. 
Approved in September 1942 in order to study the physiology of subjects 
in a hot environment. 


Sub Project:- The Heatardtion of Thermal Balance During Acclimatization 


to Work in Desert Heat. — C. R. Park, Capt., MC and E. D. Palmes, Q 
ad Lt., SnC. 


* 


7 This sub project appeared in final report form under the title, 
"Acclimatization to Work in the Heat; A study of the Physiology of Thermal 
Regulation in Man." 


aN 


irvey © sot Measurements and Prope Lt of Army lOe é AMAT 
Approved in September 1945 in order to study the fit of army shoes in 


- yelation to the general well being of the Army. 


Sub Project:- Relation of Support in Arch of Shoes to Foot Physiology in 
Marching Troops. — R. B. Magee, Capt., MC, G. C. Davis, Capt., MC and 
V. M. Milstead, Capt., MC. 


No change from previous quarterly report except that analysis of 
the data has been completed and will soon appear in final report, form. 
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ata as they Affect Physsologiacas & Lency, 
AMBL-54 1946 in order to study body measurements in rela- 
tion to functional dynamics. - 


Sub Project:~ Photoplanator. -—~ Mr. A. W. Carpenter, Chief Engineer. 


A laboratory model of the non-parallactic photoplanator, discussed 
in the preceding quarterly report, has been assembled using a high intensity 
source approximately .006 inches in diameter. The assembly shows something 
less than 24 thousandths of an inch of parallactic deviation in dimensions 
up to 3 inches. (See accompanying illustration). | 


This apparatus has been used in connection with the Plastic Ear Hold 
sub project to make a comparative analysis of ear moid types and shapes, 


A larger model is being constructed to provide an easy meane of making 


accurate comparative measurements of soft tissues and easily deformable 
objects. 


ry 


PHOTOPLANATOR 
LABORATORY MODEL 
A.M.R.L. 


4/8/4T 
A.C. 


° Physi al Effects =19. 
Approved in September 1942 in order to study the physiology of 
subjects in cold environments. 


Sub Project:- Effects of Hypothermia on Vitamin A and Fat Metabolism in 
the Rat. -- Dr. K. P. McConnell, Biochemist and L. H. Tobin, lst Lt., MC. 


In the preceding quarterly report this sub project was entitied, 
"Effects of Subnormal Temperatures on Vitamin A Levels in Blood and Tis- 
sues of the Rat." 


In the development of methods and techniques for the determination 
of Vitamin A in serum and various tissues unforseen difficulties were 
encountered. It has been found necessary to modify several steps in the 
standard method of Clausen and McCord in order to obtain the degree of 
accuracy required in these studies of the relationship of Vitamin. A to fat 
metabolism at low temperatures. 


A study was made of the effect of hypothermia on the moisture content 
of blood and tissues in order to establish any dilution factor that might 
be of significance in Vitamin A determinations. Adult rats were exposed 
to ambient temperatures around O°F for periods of 2 to 9 hours. No signifi- 
cant changes in hemoconcentration or moisture content of the tissues were 


found except a slight increase in moisture content of the kidneys. 


A series of experiments has revealed that there is a fairly consistent 
and "critical" point (about 87°F) in the rectal temperature curves of adult 
rats exposed to low ambient temperatures. At this point the animals begin 


_@ rapid decline to death. It has been shown by other investigators that 


the adrenals in hypothermia show an early depletion of lipoid substances, 
particularly cholesterol. The cholésterol content of the adrenals of rats 
at this “critical temperature will be determined. Numerous studies on the 
So-called adaptation syndrome have focused much attention to the role of 
the adrenal cortex in conditions of stress such as cold, heat or shock. 


. Experiments done in collaboration with Dr. R. W. Clarke of this 
laboratory indicate that hypothermia produces a much more rapid depletion 
of liver glycogen in rats than a fast of the same duration at ordinary 
temperatures. It is planned to study the relationship of glycogen stores 
to the “critical" rectal temperature mentioned above. 


PROJECT 53 


Sub Project:~ Relation of Low-Heel Shoes to Foot Physiology in Marching 
Troops. —— RK. B. Magee, Capt., MC, G. C. Davis, Capt., MC and V. M. Mil- 
stead, Capt., MC. 


Forty-one (41) men participated under conditions essentially the 


_ Same as those outlined for sub project "Relationship of Support in Arch 


of Shoes to Foot Physiology in Marching Troops". . However, this group 
marched from 16 September 1946 to 29 November 1946, and thus the weather 
during the latter part of the experiment was considerably cooler. During 
the "conditioning" period the men wore their own "broken-in" footgear, 

but they were combat boots instead of standard service shoes. This devia~ 
tion from the standard practice was necessary because the men had not been 
issued type III service shoes during their basic training. 


The low-heel shoes for this study were made by the Shelby Shoe Com~ 
pany of Salem, Mass. They hud 1/2 inch spring rubber heels and were 
constructed using special lasts which provided the correct tee spring for 
the lower heel. Otherwise they were of the same construction as the 
standard service shoe. 


After the completion of the 25-day "conditioning" period the sub- 
jects were fitted with new shoes. One half the men wore standard service 
shoes, and the other half wore the low-heel shoes for the 27-day experi- 
mental period, In all cases the men wore the same type shoes on both feet. 
Examinations were made twice daily by medical officers, and all findings 
were recorded for both periods. 


The data obtained in this study are being organized and evaluated 
in preparation for the writing of the final report. The finished report 


with complete statements of findings will be submitted within a few weeks. 


PROJECT 53 


Sub Project :- Cinefluorographic Studies of the Shoe-Foot Relationship. -— 
R. B. Magee, Capt., HC, G. C, Davis, Capt., MC and V. M. Milstead, 
Capt., Mc. 


Difficulties encountered in securing and installing the cine- 
flucrographic equipment have prevented its being available for use 
at this time. Since it will not be available prior to the separation 
of the above investigators from the service, it is necessary for them 
to abandon the proposed study. It is hoped that the study will be 
included in future work at this laboratory. The equipment will be used 
. $0 study the broader field of motion dynamics. 


Bub Project:- Cineroentgenography. -- Mr. A. W. Carpenter, Chief Bn; 


or 


«Most of the parts of the necessary apparatus for this sub project — 
{outlined in the preceding quarterly report) have been delivered and 
assembled. A power transformer to supply the project has been installed | 
and considerable progress has been made in installing processing facili- — 
ties to service the project. Actual construction of equipment is sub- 
ject to higher priority work in the understaffed machine shop. ees 


3 - 


Exercise. — Dr. R. W. Clarke, Physiologist, A. P, Crosley, Jr., let Lt., 


Sub Project :- Renal Circulation and Exeretion in Man as Affected by 
| MC and P. J. Talso, 1st Lt., MC. 


Several experiments have been carried out on 5 human subjects. The 
subjects have been checked and standardised. The diuretic response to 
water ingestion was found to be fairly reproducible in each subject. 
Quantitative phenol red excretion studies have been made to be reasonably 
sure of no serious renal malfunction. The rates of chloride excretion 
and concentration were studied. Since the posterior pituitary may be 
involved in the renal changes being studied a few tests have been made 
to measure the effects of minute doses of pitressin on water and chloride 
excretion. 


“Se: In a number of experiments, a period of marching on the treadmill hag 


been included. The results were so variable that it will require the 
measurement of the various factors of renal function for their interpre- 


_ tation. 


In preparation for clearance studies two different procedures were 
tested: 1) the single injection of para-aminohippurate ag described by 
Alving, 2) the usual continuous infusion of mannitol and hippurate. 

The mannitol method of Smith, in our experience, was not sufficiently 
reliable so that of Corcoran has been tested and will be used in the 
future. The determination of the Tm of para-aminohippurate causes 
considerable distress to the subject so the method is being modified for 
future use. The recent report, by Barber and Clark, of the interference 
by para-aminohippurate in mannitol determinations by Smith's method has 
been quantitatively confirmed. This has furnished an additional reason 
for the adoption of the Corcoran method. 


In view of the paper by Trueta on shunts in the renal circulation 
and their possible function during conditions of stress, it is planned 
to verify and extend the observations using animals. A cat was injected 
with radiopaque material and thick sections of the kidneys were X-rayed. 
The promising results on this one animal warrant a study to improve the 
technique for future work. ie 


St 
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ee ‘Sub erases The Aortic Factor in Hypertension. ~~ Dr. D. E. Gregg, 
— Chiet Research Physician, U. J. Collignon, “aig MC and H, Schachner es 
ist Lt., MC. | 


nee This sub project as outlined in the preceding quarterly report 
awaits special apparatus on order and suitable experimental animals. 
Animal quarters have just been completed and work will begin on this 
‘Sab project as soon as the special apparatus is available. 


caeored 7 aS 39 in order to study the effects of atrese and strain 
upon the body and the physiological factors that may be altered. 


“Sub Projectt= A Critique of Physical Fitness Tests. -- C. KR. Park, Capt. 
3 al. 


This sub project has been submitted in final repert form. (Report: : 


56-1). 


PROJECT 55 


Sub Project:- Development of a Polarographic Flow Meter. ~~ Dr, E. A. Blair, 


Chief Physiologist... 


An experimental polarographic flow meter is under investigation, as 
a step in the development of a device for measuring the velocity of flow 
in blood vessels of men or unanesthetized animals. Stability has been 
increased by the use of a zinc-szinc sulfate half cell as the indifferent 
electrode, but there is still pronounced drift in the galvanometer 
reading when there is no fluid moving across the surface of the sensitive 
electrode. 


When the velocity of a stream of 0.7% NaCl through a constant 
resistance and over the sensitive electrode is varied by changing the 
hydrostatic pressure, the galvanometer deflection resulting from short 
periods of flow appears to be proportional to the logarithm of the 
hydrostatic pressure (see Figure 1); For a given pressure, the separation 
between the two pointe in figure 1 indicates overshooting wirich occurs 
when the flow is started. The set of points in the upper right corner 
which are off the curve, are the first readings of the series; those, 
at the same pressure on the curve, are the last readings. The difference 
between these two sets of points is an expression of the change in the 
apparatus during the course of the determinations. Between each deter- 
mination rebalancing to compensate for drift has been necessary. The 
investigation is now directed toward determining the cause ef the slow 
drift in the apparatus. 


SPR het 


FIGURE I 
RELATION OF HYDROSTATIC PRESSURE CAUSING FLOW ~ 


THROUGH POLAROGRAPHIG FLOWMETER TO 
GALVANOMETER DEFLECTION 


200 


150 


| OOF 


(6 ¢) 
oO 


o 
O 


5O 


40 


30 


vag @) 


HYDROSTATIC PRESSURE CM. WATER 


oe 10 


O feos Seer e ao 2 240 50 
GALVANOMETER DEFLECTION CM. 


- Sub Project:- Relation of Dietary, Metabolic and Mechanical Factors to 
Atherosclerotic Lesions in the Rat. -- Ur. D. E. Gregg, Chief Research 
. Physician, U. J. Collignon, Capt., MC and H. Schachner, lat Lt., MC, 


Ses Progress to date on the sub project outlined in the preceding 
quarterly report is as follows: 1) apparatus for the determination of _ 
electrocardiograms, blood pressure and blood cholesterol have been : 
‘constructed and the methods standardized; 2) control blood pressures _ 
have been established for all the rats, while control cholesterol values 
and electrocardiograms are available for some of the rats. One ro 
has been started on 2 special diet containing cholesterol and thiouracil 
and another group has undergone an operation to induce hypertension. See 


| PROJECT 55-1 


Project:- An Apparatus and Method for the Continuous Measurement 
Evaporative Water Lose from Human Subjects. ~~ E. D, Palmes, ist Lt. 


_ _—-* This sub project has appeared in final report form. (Report 55-1; 

_ The material in it is to be used by Lt. Palmes as partial fulfillment 

for his doctorate. The material has also been submitted to the 5.6.0. 
publication approval. | s 


Seat 
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ib Project:- Observations on the Accuracy of the Electromagnetic on 
ter. -- Dr. D. E. Gregg, Chief Research Physician, U. J. Selignon,. 
) H. Schachner, ist Lt., MC. 


This sub pein as outlined in the preceding quarterly. sapert 


E iias requisite apparatus and machine shop work. Machine shop product 
has been séverely curtailed due to shortage of help. 


ee 


‘Sub Frojectt= i a for the Measurement of the Radiant Tempera 


This sub project is appearing in final report form under the tit . 
_ ‘Thermocouples for the Measurement of the Surface Temperatures of the 


" Bedy”. (Report 55~2). s 


Sab Project:- A Technique of Human Calorimetry. ~— E. D. Palmes, Lat, 
_ Sat and C. KR. Park, Capt., MC, : 


This sub project ss outlined in the preceding quarterly report is 
in the process of being edited in final report form. ; 


PROJECT 55 


Sub Project:- Analysis of Cortical Components Involved in Reflex Pupdllary 
tation to Clarify the Etiology of Anisocoria Resulting from Head Trauma. -- 
Ce Wilson, ist Lt., MC. Eon 


an 
Cortical and subcortical Seuxhes and fiber tracts producing pupillary 
tation have been demonstrated in cats by electrical stimulation. The 
structures involved are being located with a stereotaxic apparatus. Micro- 


Ai Lyscoric sections using the Weil technique will be used to identify the anatomy 
inv olved. 


The cerebral centers involved will be destroyed by electrocoagulation 
and the resulting retrograde degeneration will be traced by the Marchi 
method. 


When the anatomical structures are clearly defined induced subdural 
hematomas with excitatory areas intact, and destroyed, will be used in 
animals to reproduce clinical signs. 


J heik’ 


See TELE in Soler to Stcay the relationship of 1 eg 
to his equipment, environment and task. | 


Sub Project:~ Silica Content of Dust from Tank Ranges. -- C. A. Kruse, 


let Lt., MC. 


This sub project has been submitted in final report form. (Report 
57-1). 


PROJECT 57 


Sub Project:- Plastic Ear Mold for Communications Equipment. -- J. H, 
St. John, Ist Lt., MC. 


Plastic ear molds for the receivers of military communications 
equipment have been developed by the AGF Board No. 2 and have been 
_ veferred to AML for an investigation of possible injuries from such 
molds under field conditions, and the possibility of producing a universal 
type ear mold. : 


The plastic ear molds have been made at this laboratory and approved 
by the personnel of the Medical Test Section of the AGF Board No. 2. 


3 Shadow photographs of plastic ear molds have been made of twenty-five 
_ individuals in order to show the range of variations. Five representative 
molds are shown in Figure I, Figure II shows molds A, By D and & with 
Mold C superimposed and acting as the reference mold. Trial insertion of 
different molds into one or more test subjects reveals that, while many ear 
molds may be forced into the ear, there is considerable distortion and 


-- S€onsequent pressure both of the external ear and the external auditory 
meatus. Usually the foreign molds are either too loose or too tight for 


the ear and a good acoustic seal ie not obtained. From early measurements 
and trial fittings of different ear molds, it seems highly improbable 
that 8 universal ear mold, ‘even of graded sizes could be produced which 
_ would retain the features of comfort, adequate fitting, and a good acoustic 
‘seal, - ee we 


: The possibility of injuries to the ear while wearing the plastic 
ear mold from concussion of gun fire is now being investigated. Base line 

- @udiometric curves have been obtained on a group of test subjects and 

audiometric curves will be obtained in the field 15 minutes after firing 

and 24, hours later to determine whether the ear mold prevented injury or 
added to the temporary hearing loss due to concussion of gun fire. 


Considerable difficulty has been experienced in obtaining suitable” 
test subjects, an insulated ambulance and a power source for the audiometer 
in the field. 3 


The possibility of injury to the ear from loud noises, such as may 
be encountered with the field radio is now under investigation on a group 
of men while operating tank radios in the moving vehicle. Preliminary 
audiometric curves have been obtained and will be compared with the recovery 
audiograms using both the plastic ear mold and the standard receiver headset. 
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Sab Project - Physical Fitness in Connection with OQMG Ration Test No. 
J. ‘Spoor, lst Lt., MC and G. C. Davis, Capt., MC. 


The data from this sub project have been incorporated in the _ 
preliminary and final reports on Project No. 12 of the Medical Watrition 
_ Laboratory, Chicago, nl. Lt. Spoor went to Chicago to assist in the 
preparation of the final report. 
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PROJECT 57 


Sub Project:- Application of Infra-Red Gas Analyser to the Study ‘of Human 


- ‘Energy Metaboliam. — H. J. Spoor, ist Lt., MC and G. C, Davis, Cupt., MC. 


We 2 


The preceding quarterly report abstracted pertinent data obtained 
from caloric expenditure studies of troops in mountain training during the 
test of operational rations at Camp Carson, Colorado, September 1946 | 
(OQMG Ration Test No. 4631). These data demonstrated a practical field 
technique for metabolic study which utilized the Leeds & Northrup Infra- 
Red Gas Analyzer sensitized to measure CO> selectively. Continuous graphic 
readings through use of an Esterline-Angus Recorder were obtained. 
Maneuverability, simulating portability, was obtained by use of the 4-13 
Oxygen Demand Mask on the subject to which was connected long air lines 
carried by cable and pulley rigging. The apparatus permitted continucus 
sampling of expired air over difficult mountain terrain. 


Upon completion of the field studies it was reported that before 


_ the Infra-Red Gas Analyzer could be recommended unreservedly for use in 


metabolic work, it would require subjection to rigorous laboratory ‘standard- 
ization.to ascertain particularly variations in receptive sensitivity of the 
instrument inherent to its construction. This study has been completed. 
Data have been obtained measuring specifically changes in response-to various 
3g concentrations with variation of flow rate, air circuit design, moisture 
contamination, temperature fluctuation and time. Metabolic studies on men 
under laboratory controlled conditions have been made. These studies include 
observations during rest, treadmill activity on the level and on grades at 
Various speeds, and post-exercise recovery periods. The men chosen for 
subjects were of comparable age and stature to those studied during field 
trials. peer 


"All data directly related to adaptation of the Infra-Red Gag Analyzer 
to estimation of COs have been assembled. A complete report is being 
organized. | oe 


nr 


my 


at? 


PROJECT 57 


Sub Project:- Development of a Portable Apparatus for Study of Human 
Energy Metabolism. -- H. J. Spoor, lst Lt., MC and P. J. Talso, 
Ist Lt., MC. é 


Field and laboratory adaptation of the Leeds & Northrup Selective 
Gas Analyser to the estimation and continuous recording of respiratory 
COz has indicated the advantages to be gained from completely portable 
apparatus for study of human energy metabolism. This equipment should 
measure continuously not only the CQ> in expired air, but also respir- 
atery volume and 03 consumption. 


Developments from the work on continuously recorded CO> have led 
to new techniques and the design of apparatus which record respiratory 
volume simultaneously with measured COg. These techniques can be adapted 
to a portable set-up. Electronic estimation of oxygen utilisation is the 
next step to be accomplished. With this at hand, incorporation of 
recorders for C02 production, 02 utilisation and respiratory exchange 
into a single portable unit will be a matter of technical adaptation. 


The ultimate aim of this sub project is to perfect an apparatus 
for the measurement of total energy exchange in man which will not only 
_be sufficiently portable for use on difficult terrain but also adapt- 
able to extremes of environmental conditions. . 


PROJECT 57 


"Sub Project:- Observations - Canadian Winter Operations. -- J. R. Blair, 


ist Lt., MC and C. W. Gottschalk, 1st Lt., MC. 


Two medical officers and two enlisted men have acted as observers 
for the Canadian Winter Operations at Fort Churchill, Wanitoba, Canada. — 
Data have been obtained on the following subjects and conclusions will 
be drawn after further analysis of the data. 


1. Effect. of stimulants, especially coffee, on steadiness: A 
abnormal amount of coffee is consumed by a high proportion of the person- 
nel at Fort Churchill. The steadiness of coffee drinkers has been com- 
pared with non~drinkers by measuring the number of seconds, in a 30 second 
trial, that the subject allowed an electrode mounted on a pistol to come 
in contact with the rim of a hole target. 

2. Effect of sweat depressants on moisture content of socks, the 
skin temperature and comfort in a cold environment: A sweat depressant 
powder has been developed and is under test to determine the effective- 
ness and value of such a powder in archic operations. 


3. The change in skin resistance resulting from the application 
of cold to a standard skin area: Tests are being made on subjects accli- 


= matized to arctic environments for comparison with non-acclimatised or 


poorly acclimatised subjects to determine whether the test can be used 
@8 a measure of vascular response cr as a method of bianco of 


personnel for duty in arctic environments. 


4. The relation of personality, attitude and beakurount to mental 
health in arctic environments: Personality and attitude tests prepared 
by Capt. Moody Bettis, MC., psychiatrist at the Rehabilitation Center, 
Fort Knox, Ky. have been carried out on 80 subjects and results will be 
analysed to determine the value of such tests in Potecssbicas | of person~ 
nel for arctic duty. 


5. In addition te the data mentioned above, information has been 
ebtained on arctic conditions and problems of survival in extreme cold 
with a high wind chill factor, that will form a basis for laboratory 
cold room studies. 


The Commanding Officer and the Research Director of AMRL visited 
Fort Churchill in order to observe and study the possibilities of 
establishing a permanent laboratory to study medical and physiological 
problems incident to arctic conditions. Plans are being developed in 
conjunction with the Canadian Research and Development group for the 
establishment of a permanent arctic medical research laboratory at Port 
Churchill. Such a laboratory will have unusual opportunity to study the 
physiological factors involved in acclimatization. 
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PROJECT 57 


Sub Project :- Observations - Frigid and Williwaw. -~ Dr. G. W. Molnar, 
Physiologist, R. B. Magee, Capt., MC and E. L. Durrum, lst Lt., MC. 


' An observation team from AMRL assigned to study-medical aspects of 
cold weather operations ipa at Fairbanks, Alaska November 1946, 
made observations at Point Barrow, Alaska 22 December 1946 to @ January © 
1947 and at Adak 11 January to 30 January 1947. Additional observations 
were made at Fairbanks from 9 February to 4 March. 


Data obtained during the various observations are now being compiled. 


These data include: 


1. A comparison of the thermal responses of the Barrow Eskimo and 
white man to the Arctic winter. Both native Eskimo clothing and army issue 
arctic clothing were studied. a 
< 2. A study of thermal responses, heart rate and diuresis of troops 
confined to foxholes in a wet, windy, moderately cold environment for 
periods up to 18 hours. 


3. A comparison of the diuretic effect of coffee and water. on troops 
subjected to wet cold. 


; 4. An analysis of the water requirements, urinary chlorides, caloric 
intake and weight changes during a 5-day field operation including marches 
and bivouacs in rugged terrain in a moderately wet windy environment. 


5. A study of some blood constituents, heart rate, water belance, 
caloric intake and subjective sensations of 13 subjects during 4 6-day 
field operation cage My bivouacs and daily marches on snowshoes at 
temperatures down to ~32°C 


General information has been obtained on problems encountered by 
troops in cold weather operations which will be of value in faeerating 


Dsiedaiaane experiments. 


A complete detailed report on the observations at Frigid ond Williwaw 


‘will be submitted. 
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April 1947 to July 1947 
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This report indicates the progress made on the various projects 
during the past quarter. For full discussion of each project reference 
should be made to the preceding quarterly reports. oe 


1. 


2. 


| Two factors have contributed to delay in the progress of several 
projects. 


Due to expansion it has become necessary to move the machine 

shop to another building. The delay and difficulty in obtaining 
building and construction materials, as well as sufficient labor, 
have retarded this move. This, along with a depleted shop staff, . 
is reflected in the progress of the various projects requiring 
considerable shop work. 


Enlisted men are used as laboratory technicians. These men mst 
be trained in their particular duties. All the men who had been 
trained have been separated from the army this past quarter. 
Replacements with more than two or three months to serve have 
not been received as yet. Requests for enlisted men with more 
than a year to serve have been submitted. 


*| 2 2 5 al : 
MDFRL-54,. haorered th ra 19A6 in Gee to Steady body measurements in re= 
jation to functional dynamics, 


Sub-Project:- Photoplanator 
Sub-Project:- X-ray Stereopanoramograph. 
Sub-Project:- Cineroentgenography -~- Mr. A. W. Carpenter, Chief Engineer. 


These projects, discussed in preceding quarterly reports, have been 
held up due to the interruption of machine shop operations incident to 
removal of the shop to new quarters and to the severe depletion of shop 
personnel as well 4s the higher priority placed upon shop work for other 
projects. It is anticipated that, with additional help in the new machine 
shop, work on these projecta will proceed without further delay. 


. t 
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OLS wh ££ OUVY- : &nc P JES 5 . . FS ; : Le i e 
Approved in September 1945 in order to study the fit of army shoes in relation 
to the general well-being of the army. 


Sub-Project:- Relation of Support in Arch of Shoes to Foot Physiology in 
Marching Troops. | 
Sub-Project:- Relation of Low-Heel Shoes to Foot Physiology in Marching 
Troops. -- R. B. Magee, Capt., MC, G. C. Davis, Capt., MC and V. M, Milstead, 
Capt., MC. 


Since the experimental subjects and conditions for both these aub- 
projects were practically identical, the final reports are being combined 
into one report for distribution. 


Ho further work is contemplated on Project 53, 


atures, r ¢ gical Effects of, MDFRL 2-17. — 
ved in "hepteabee 1942 in ender to study the cote at of ‘subjects 
‘hot environment. 


eaivetr- Acclimatization to Heat; a Study of the Physiology of Thermal 
ation in Maa. ~- C. R. Park, Capt., MC and BE. D. Palmes, seats OS 


final reporte on other closely related sub-projects under Project 55 ~geling 
combined with it in a more comprehensive report. The joint report should 
ready for distribution in the near future. 


aa? 


PROJECT 1-19 


() P logical Effects of, MD -i9. Approved in 
September 1912 in order to study the physiology of subjects in cold 
environments. , 


Sub-Project:- Effects of Hypothermia on Vitamin A and Fat Metabolism in 
the Rat. -- Dr. Kenneth P. McConnell, Biochemiat and L. H. Tobin, lst Lt., MC. 


The “critical” point in the cooling curve of rats (rectal temp. 87 4 2°F) 
is that point at which the animals begin a rapid decline to death if cooling 
4s continued. There appears to be a sex difference in the cooling curves. 
Planned studies on testicular function should give added information on this 


* sex difference in relation to cold. Male and female animals having identical 


surface areas will be used. 


The total adrenal cholesterol of chilled animals (at rectal temp. 87 4 2°F) 
is reduced from 15 to 50%. Cholesterol - cholesterol ester determinations are 
being made. Tests will be made to determine if added cortical extracts will 
tend to prevent the fall in body temperature and/or aid recovery. | 


Experiments are being carried out to determine the relation of liver 
glycogen to Vitamin A levels. Studies to date show a more rapid depletion of 
liver glycogen on cooling than is obtained in fasting. Liver glycogen is 
completely depleted at or before the "critical" temperature (87 4 2°F). 
Curves will be established for the correlation of glycogen depletion with 
blood glucose levels and rectal temperatures during cooling. 


Histopatholegical atudiee of the adrenals of chilled animals and total 
base and mineral studies on blood, urine and tissues will be carried out. 


A) 


| 


PROJECT 55 


Sub-Project:- A Method of Human Calorimetry. 

Sub-Project:- Thermocouples for the Measurement of the Surface Temperature 
of the Body. 

Sub-Project:- Thermal Regulation During Fever. -- ©. R. Park, Gapt., MC 
and BE, D. Palmes, ist Lt., SnC. 


These three sub-projects have been completed. The final reports are 
being combined with the sub-project on "Acclimatization to Heat; A Study 
of the Physiology of Thermal Reguiation in Man" and will be submitted as 
a comprehensive report. 


1 


A ate 
7 ies DS ro iy, 
ve i ‘ws srg 


ae 


PROJECT 55 


Sub=-Project:= Development of a pearegranhio Flow Meter. -- Dr. E. A. Blair, 
Chief Physiologist. 


An experimental flow meter has been shown to be amply sensitive for 
biological use, but stability is unsatisfactory. The slow, unpredictable 
change in the sensitive electrode precludes satisfactory calibration. 
Attempts to determine the cause of this change in sensitivity have been 
unsuccessful to date. The stability and sensitivity of the system using 
alternating currents will be investigated. 


PROJECT 55 


Studies of 296 Reactions and Reguirements und ded Environmental and 
ons. MDFRL-55. App roved in May i 5 in order ye study 
rainiogiosl reactions as altered by varied eeetiionn. 


Sab-Project:- Renal Circulation and Excretion as Affected by Exercise. -- 
Dr. R. W. Clarke, Physiologist, A. P. Crosley, Jr., lst Lt., MC and P. J. Talso, 
ist Lt., MC. 


2 Renal clearance studies on dogs have been started. Dogs have been trained 
and will be used for the more critical phases of the study on the effects of 
exercise, cold, etc. 


Studies have been carried out on the effects of local peripheral cold on 
kidney function in man. Glomerular filtration was measured by means of the 
mannitol clearance and renal blood flow by para-aminohippurate clearance. 


_ The work on this project is being interrupted for the summer in order to 
permit these investigators to carry on field studies on water balance problems 
with Task Force Furnace. 


PROJECT 55 


Sub-Project:- The Aortie Factor in Hypertension. 
Sub=Projectt:= Observations on the Accuracy of the Electromagnetic Flow Meter. <= 
Dr. D. BE. Gregg, Chief Research Physician, U. J. Collignon, Capt., MC and 


H. Schachner, lst Lt., MC. 


Additional work on these two sub-projects awaits the acquisition of 
appropriate apparatus and machine shop work. 
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PROJECT 55 


Sub-Project:- Analysis of Cortical Components Involved in Reflex Pupillary 
Dilatation to Clarify the Etiology of Anisecoria Resulting from Head Trauma. 
W. C. Wilson, lst Lt., MC. 


The stereotaxic apparatus developed has proved very efficient in locat- 
ing cortical and subcortical centers and fiber tracts which mediate reflex 
pupillary dilatation through the oculomotor nerve, ciliary ganglion and 
short ciliary nerves. The brains of the experimental cats are sectioned 

and stained by the Weil technique to permit identification of the anatomy 
involved. 3 


PROJECT 55 


Sub-Project:- Relation of Dietary, Metabolic and Mechanical Pactors to 
Atherosclerotic Lesions in the Rat. -- Dr. D. E. Gregg, Chief Research 
Physician, U. J. Collignon, Capt., MC and H, Schaehner, let Lt., MC. 


Control blood pressures, blood cholesterols and electrocardiograms 
are now available for a considerable number of rats. 


Groups of rats are being continued on special diets containing choles- 
terol and thiouracil. Blood cholesterol levels are being maintained in 
these animals at two to three times the normal control values. 


Hypertension has been induced by three procedures. Bilateral two-stage 
kidney operations either with partial occlusion of the renal arteries or 
with renal compression have been performed on approximately 100 rats. Follow- 
ing the first operation, most of these animals developed a transient hyper=- 
tension but the time has been too short since the second operation for any 
conclusion regarding the creation of a permanent hyperpiesis. A third group 
of animals is being prepared in which the hypertension is induced by a one=~ 
stage operation with bilateral application of latex capsules to both kidneys. 


PROJECT 56 


Studies of Fatigue in Relation to Military Tasks. MDFRL-56 . 
Approved in May 19, order to study the effects of stress and strain 


upon the bedy and the physiological factors that may be altered. 


There were no sub-projects under Project 56 this quarter. The report 
on Physical Fitness Tests has been submitted. 


PROJECT 57 


Sub-Project :- Developacnt of a Sahai Apparatus for Sets of Human Energy 
Metabolism. ~~ H. J. Spoor, lst Lt., MC and P. J. Talso, let Lt., MC. 


The preceding quarterly report cited new techniques and apparatus for 
recording respiratory volume. These findings are being applied to a portable 
respiratory assembly. Carbon dioxide measurement has bean adapted. ‘The 
measurement of oxygen utilization remains in the planning stage. Most of the 
necessary equipment for design of a portable apparatus has either been obtained 
or is on order. 


“Application of Infra-Red Gas ‘Analyser to the Study of 
y Wetabolisn. ~~ H. J Spoor, lst Lt., MC and G. C. Davis, Capt, 


This sub-project has been completed and report will be submitted 
_ the near fature. 


ojects- Observatione--Frigid and Williwaw. 
siologist, R. B. Magee, Capt., MC and E. L. Darron, ist ae NC. 


S  nseriy report have been tabulated and analyzed. 
report is now being written. 


PROJECT 57 


Sub-Pro ject :- Preliminary Observations on Physiological, Nutritional and 
Psychological Problems in the Arctic; Fort Churchill, Canada, Winter 
1946-47. -- J. R. Blair, Capt., MC and C. W. Gottschalk, let Lt., MC. 


This sub-project was briefly discussed in the preceding quarterly 
report under the title, "Observations - Canadian Winter Operations”. 


The final report which is a combination of a field trip report and 
scientific report with specific recommendations was submitted 1 July 1947. 


PROJECT 57 i. 


JLUUGLES ¢ Phy: bP SSR wR sit P WAS ES2 S27'# Sete} Pr ue? 83 oie SS EBL! . bp tp sh by Che P sr sonne 
n Hélation to Equipment, invironment and Military Tasks BUF i fe 
ed in May 1946 in order to study the relationship of the soldier to 


8 equipment, environment and task. 


Sub-Project :-(Plastic Ear Mold for Communications Equipacnt, J. H, 


St. John, lst Lt., MC. 


- Comparison of changes in audiometric curves when subjects are exposed 
to concussion from the firing of 90 mm. tank guns indicatesthat individual 
plastic ear molds afford some protection to the wearer. : 


Repeated otoscopic examinations have failed to show any damage to the 
ear either after long wearing (8 hours) or after removal and insertion of 
the molds every half hour for an eight hour period. No discomfort was noted 
by the test subjects who slept with the ear molds in place for eight hours. 


The possibility of damage from loud noises incident to the operation 
of communication equipment in the field will be. investigated at Task Force 
Furnace. Additional tests on the comfort of the ear molds under extreme 
heat (Task Force Furnace) will be compared with observers! reports on the 
comfort of the molds under extreme cold (Ft. Churchill, Canada). — 
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AUTHORIZED PROJECTS 


the ologi Effects of, M.D.F.R.L. 1-19. 
Approved 24 Sept. 1942. 
H Temperatures, Study of P ologi fects of, M.D.F.R.L. 2=17, 
Approved 24 Sept. 1942. 
of Foot Measurements and Proper Fit o Shoes, M.D.F.R.L e 
Approved 11 Sept. 1945. 
Study of Body Measurements as They Affect Physiological Efficiency, 
M.D.F.RL. 54. Approved 31 May 1946. 
Stu Reactions and Requiremen der Var Env t 
and Climatic Conditions, M.D.F.R.L. 55. Approved 31 May 1946. 
Studi Fatigue Relatio Tasks, M.D.F.R 6. 


Approved 31 May 1946. 


1942 in 


gical iffect MOFRL 1-19. Approved September 
physiology of subjects in cold environments. 


wucy Of pL LC 3 UL 
order to study the 
Sub-Project +-(Bttects of Hypothermia on Vitamin A and Fat Metabolism in the 
Rat. 2 Dr. Kenneth P, McConnell, Biochemist and lL. H. Tobin, Capt., M.C. 


A series of experiments on 20 rats has been carried out in the study of 
the effects of hypothermia on Vitamin A metabolism. Analysis of results 
indicates that some mobilization of Vitamin A in the liver was caused by 
hypothermia. In view of these findings a similar experiment using a larger 
number of animals is now in progress to substantiate these findings. 


Adrenal and serum cholesterol determinations have been completed on a 
series of 31 animals of which approximately two thirds represented chilled 
rats and one third normal controls. Although the results have been subjected 
to partial statistical analysis further analysis awaits the completion of 
work now in progress. The procedure for the fractionation of cholesterol 
and cholesterol ester described in the last quarterly report has been worked 
out and is now in operation. The chromatographic method of cholesterol 
determination has not gone beyond the planning stage due to difficulty in 
obtaining key chemicals, | 


eo? 


PROJECT 1-19 


Sub-Project:=- Study of the Effects of Sub-normal Temperatures on the 
Metabolism of Various Phosphorous Compounds in Rats, —- Dr. H. F. Jensen, 
Chief Biochemist, E. L, Durrum, Capt., M.C, and R. N. Cagan, Ist Lt., M.C. / 


Data on the changes in the content of liver glycogen and of blood . 
glucose due to cold have been obtained in this laboratory (See Sub-projects 
under 1-19) and by other investigators. 


Phosphorylation plays an important role in the mechanisms of storage 
and mobilization of energy for maintenance of normal metabolism, The 
formation of ester phosphate linkages are of vital importance in the regu=- 
lation of catabolism of carbohydrate, It is proposed to study: 


1. The content of glucose-6—phosphate in various tissues. The first 
step in the utilization of glucose by animal tissue, a step common to its 
transformation to glycogen or its oxidation, is the formation of glucose-6- 


phosphate. 


2. The content of adenosine triphosphate in various tissues. Adenosine 
triphosphate (ATP) is the bearer of the chemical energy generated in the 
course of metabolic processes. 


Determinations of these tissue constituents are to be done by colorimetric 
methods; enzymic and manometric techniques; and the employment of radioactive 
isotopes as tracers. It is contemplated to work out a set of analytical 
procedures for the determination of glucose-6=-phosphate and ATP which can 
also be employed in a similar study of the effect of other environmental 
influences such as heat and radiation, 


A study of the effect of administration of hormones, vitamins and various 
chemical substances (glucose, phosphate, Mg“, K*, etc.) on the possible 
changes in the content of glucose-6=phosphate and ATP of various tissues, 
observed on exposure of animals to low temperatures, is planned. 


7) Lop ett 
ment. 


Sub=Project:= Thermal Regulation During Early Acclimatization to Work in 
a Hot Dry Environment. —= ©. R Park, Capt., M.C. and E. D, Palmes, Capt., 
Sn.C, 


Published as M.D.F.R.L. Report 2-17-1, 30 June 1947. 


PROJECT 53 


“gs Foot Mea nts and Proper Fit of Shoes, MDFRL-53. 


Approved September 1945 in order to study the fit of army shoes in relation 
to the general well-being of the army. 


Sub=-Project:- Observations on the Relation of Height of Heel and Support 


in Arch of Shoes to Foot Physiology in Marching Troops, — R, B, Magee, 
Capt., M.C., G, Gy Davis, Capt., M,C, and V. M, Milstead, Capt., uC. 


Published as M.D.F.R.L. Report 53-1, 16 September, 1947. 


dy surements they Affect Physiological Efficiency. 
ei May 1946 ‘ee order to study body measurements in relation — 
to functional dynamics, 


Sub=-Project:=} Photoplanator. -—- A. W. Carpenter, Chief Engineer. 


The final report is now in press. 


Progress on these sub-projects has been further delayed due to. 
‘inability to secure necessary materials and special equipment, 


PROJECT 55 


= idies of Body Reactions and Requirements under Varied Environmental and 
atic Conditions. MDFR . Approved May 1946 in order to study 
Be toocieel reactions as altered by varied conditions, 


Sub-Project:— Renal Circulation and Excretion as Affected by Exercise. = 
Dr. R, W, Clarke, Physiologist, A, P. Crosley, Jr., Capt., M.C. and ~ 
P, J, Talso, Capt., M.C, 


_ Due to participation by Dr. Clarke and Capt. Talso in the activities of 
Task Force Furnace, as well as the fact that a new sectional laboratory 
was under construction, work discussed in the last quarterly report was 
temporarily curtailed. 


Despite these delays experiments have been carried out testing the 
validity of the use of mannitol as a measure of glomerular filtration rate. 
This was accomplished in dogs by comparing simultaneous exogenous creatinine 
and mannitol clearances. In dogs creatinine is excreted exclusively by 
glomerular filtration. Comparison of the clearance values of these two 
substances indicates that mannitol is a satisfactory substance for measuring 
glomerular filtration rate in the dog, 


The applicability of semi-micro techniques to the analysis of mannitol 
and sodium para-amino hippurate has been accomplished wherein only 0.5 ml. 
of plasma is required. These procedures will obviate the necessity of draw- 
ing large samples of blood during clearance experiments and make the use of 
small laboratory animals more practical. 


All procedures necessary to carry out experiments on the effect of 
local peripheral cold on renal function have been worked out and as soon as 
suitable human subjects are available investigations will proceed. 


PROJECT 55 


fi 


Be rete Devel ommant of a Polarographic Flow Meter, 1 Dr, HE. A, Blair, 
Chief Physiologist. 


An experimental flow meter has been shown to be amply sensitive for 
biological use, but stability is unsatisfactory, The slow, unpredictable 
change in the sensitive electrode precludes satisfactory calibration. 
Attempts to determine the cause of this change in sensitivity have been 
unsuccessful to date. The stability and sensitivity of the system using 
alternating currents is being investigated. 


Ws 
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PROJECT 55 


Sub-Projectt- Relation of Dietary, Metabolic and Mechanical Factors to 


_ Atherosclerotic Lesions in the Rat. -—- Dr. D. E. Gregg, Chief Research 


Physician, U, J. Collignon Capt, U.C., H, Sechachner, lst Lt. .Cc., and 
W, E, Nerlich, let Lt., W.C. 


Control eleetrocardiograms have been completed on all rats and their « 
blood pressures are being taken at bi-weekly intervals. 


No persistent hypertension satisfactory for the purpose of this 
experiment has been obtained so far by any of the three methods tried. 
While the rats with partial occlusion of the renal arteries and with the 
bilateral renal compression operation still exhibit normal blood pressure, 
the one-stage operation with bilateral application of latex capsules to the 
kidneys has resulted in a significant elevation of blood pressure, However, 
the survival time in the latter has been too short to permit the studies 
desired. The above procedures for inducing hyperpiesis are being reinvesti- 
gated. 


The special diets are being continued and serum cholesterols are taken 
periodically. 


Sub=Pr 
Dr. : . Gregg , Chief Research Physician, U, J, Collignon, cag 
E's Meonbaer a Lt., M,C. 


‘fos 


Work on these two sub-projects stil awaits the acquisition of appre 
apparatus and machine shop work. 


ub-Projects= A Method of Human Calorimetry. -- 5. “nt 
and C, R, Park, Capt., M.C. jess 


- Pabliehed as M.D.F.R.L. Report 55-3, 1 April 1947. 


PROJECT 55 


- Sub=Project:— An Improved Mounting for Thermocouples for the Measurement of 
the Surface Temperature of the Body, -- E, D, Palmes, lst Lt., Sn.¢. and 
C. R. Park, Capt., M.C, 


Published as M.D.F.R.L. Report 5582, 18 March 1947. 


le sr esata pn maid 


et:~ Thermal. Regulation During Fever, — C, R, Park, Capt. 
. Palmes, Capt., Sn.C, 


This sub-project is now in the process of publication, 


PROJECT 55 


Sub-Projectt=+ A Possible Humoral Factor in Human Thermal Regulation, <= 
Dr. E. D. Palmes, Physiologist, H. Schachner, lst Lt., M.C., R, E. Albert, 
list Lt., M,C, and J. J, Hart, he Ears: 


A working man consistently exhibits a higher rectal temperature than 
the same man under basal conditions. This elevation is dependent upon the 
work rate within broad limits of environmental conditions. The present 
study is an attempt to demonstrate a humoral factor as the basic agent 
responsible for this elevation in temperature. The experimental procedure 
for the demonstration of such an agent will consist of the transfer of blood 
from the working to the resting subject. The presence of the humoral agent 
could then be detected by changes in thermoregulation tending to produce an 
elevation of temperature in the resting subject. Since only a small 
fraction of the body blood can be transferred it would be expected that only 
small and/or transient effects will occur. The demonstration will depend on 
the rapidity with which thermoregulatory changes can be measured. Apparatus 
previously developed at this laboratory is capable of measuring changes of 
the type expected. ; 


WW 4, 


PROJECT 55 


Sub-Projecti— Analysis of Cortical Components Involved in Reflex Pupillary 


Dilatation to Clarify the Etiology of Anisocoria Resulting from Head Trauma, -< 


Ww, €, Wilson, Capt., MC, 


The stereotaxic apparatus developed has proved very efficient in locate- 
ing cortical and subcortical centers and fiber tracts which mediate reflex 
pupillary dilatation through the oculomotor nerve, ciliary ganglion and 
short ciliary nerves of cats, 


Weil stained sections of the brains have revealed the excitable centers 
to be in the frontal lobe gyrii, proeus and genualis and the caudate 
nucleus, 


Prefrontal lobotomies involving the afore-mentioned gyri are being 
performed. Their subcortical connections are being traced by the retrograde 
degeneration technique of Marchi. 


‘PROJECT 55 
new 8 


Sub=Project:= Development of a Photoelectric Polarimeter with Variable 
Electric Field. — E, L, Durrum, Capt., MLC. 


A study of the degree of rotation, which a protein solution will impart 
to a beam of polarized light when the protein solution is subjected to an 
intense electrostatic field, is contemplated. It is hoped that the in- 
formation so obtained will be useful for purposes of classification and 
identification of proteins in complex solutions such as blood serum or other 
body fluids. 


An apparatus is being developed to make these measurements. In its 
present form, the apparatus comprises a light source with a filtered beam 
to give a monochromatic source, This beam is then passed through a polaroid 
disc, thence through a square cross-sectional couvette, containing the 
solution to be investigated and on through a second polaroid disc analyzer 
whose rotation with respect to the polarizer may be measured. The beam passes 
on to a photoelectric cell, which is in turn coupled to an electronic ampli~ 
fyer and bridge circuit which is connected to a delicate micro-ammeter as an 
indicator. 


The couvette holder is provided with two parallel brass electrodes 
across which a high voltage (5000 V) source is connected. Upon applying this 
potential across the electrodes, the plane of the beam of polarized light is 
rotated during passage through the protein solution thereby causing a change 
in the amount of light reaching the photoelectric cell. By adjusting the 
meter to sero reading, it is possible to measure the degree of rotation for 
a given field strength. 


In its present form, the apparatus is not of sufficient sensitivity for 
practical measurements. Several changes are being made which it is hoped 
will increase the sensitivity of the apparatus. These changes include re- 
placement of polaroid discs with Nicol's prisms, increasing the field 
strength by utilizing specially designed "thinner couvettes" and increasing 
the applied potential across the solution. 


S pL. > 2, Lf y 
May Bin eter to one ae effects of Srees and strain upon the body 
aoe os physiological factors that may be altered. 


There were no sub-projects under Project 56 this quarter. 


ss of Physiological and Ps chological Problems of Mil: 

"Re ation to Equipment, Environment and Military Tasks 
pproved May "19,6 in order to study the relationship of the soldier ‘to 
"equipment, environment and task. : 


Published as M.D.F.R.L. Report 57-5, 30 September 1947. 


PROJECT 57 


| Sub-Project:=- Application of the Infra-Red Gas Analyzer to the Study of 
Human Energy Metabolism. — H. J. Spoor, Capt., M.C. and G, C. Davis, 
Capte, M,C, 


Published as M.D.F.R.L. Report 57-4, 21 August 1947. 


PROJECT 57 


Sub-—Project:= Development of a Portable Apparatus for Study of Human Energy 
Metabolism. -~ H. J. Spoor, Capt., M.C. and P, J, Talso, Capt., M.C, 


Carbon dioxide measurement utilizing the infra-red gas analyzer has 


been thoroughly studied. Previous quarterly reports cited new techniques 


and apparatus design for recording respiratory volum. The above knowledge 
has been applied to "breadboard": construction of a portable respiratory 
apparatus. The apparatus has been designed only for carbon dioxide and 
volume analysis, but is capable of including the proposed oxygen analysis 
units upon their development. It consists of (1) the mask assembly, A-13 
gen demand, with modifications for temperature change adaptation; 
(2) a pack board containing the analyzing units of the infra-red selective 
gas analyzer (i.e. light source, analysis cell and thermopile assembly for 
CO analysis) and an orifice flow, activated differential pressure volume 
uge with microtorque potentiometer for instantaneous volume analysis; 
(3) 350 feet of intertank communication cable (CD 13) connecting the pack 
board assembly to recording instruments; and (4) appropriate continuous 
recording instruments plus adequate power source and’ impulse amplification 
circuits. 


Preliminary volume standardization has been completed. Sensitivity 
adjustment of the instrument to known carbon dioxide is in process. Selected 
volunteers will be subjected to comparative respiration studies under extremes 
of temperature and varying degrees of exertion. Completion of this series 
satisfactorily will justify presentation of detailed blueprints of the 
apparatus for precision manufacture. 


yen 


PROJECT 57 


Sub-Project:— Development of Electronic Oxygen Analyzer for ‘Adaptation toy 
Portable Metabolic Apparatus. — H. J. Spoor, Capt., M.C. and J. H. St. John, 


Capt., MLC. 


Electronic estimation of axygen utilization for use in conjunction 
with carbon dioxide and respiratory volume recording constitutes the final 
step in development of a canplete portable metabolic apparatus. literature 
survey has led to the conclusion that the requisite equipment mst be both 
developed and adapted. Upon satisfactory development it will be adapted 
to the existing "breadboard" model of a portable apparatus for study of 
human energy metabolism. 


pjectt= Observations—Frigid and Williwaw. — Dr, G. W. Moln: 
0, ty R, Be Magee, Capt., M,C. and E. L, Durrum, Capt., M,C 


The final report of these observations is now in press, 


. 
2 


‘ 


t 


as M.D eF RL ° 


PROJECT 57 


Sub-Project:~ Studies of Physiological Problems under Field Conditions in 
Extreme Cold; Fort Churchill, Manitoba, Canada, Winter 1947-48. -= Dr. 

G. WwW Molnar, Physiologist, J, R. ord. i pee M, Cus C. W. Gottschalk, 
Capt., M.C., C. A. Johnson, ist Lt., M.C., L. E. Osgood, lst Lt., U,C.,and 
© a "Sieneruen, ist Lt,, hot. 


During the winter of 1947-48 a series of field experiments under arctic 
winter weater conditions will be carried out at Fort Churchill, Manitoba, 
Canada. Preliminary studies and basal determinations on eight test subjects 
are being made in bivouac on the Fort Knox Reservation and in the Gold Room 
of the Medical Department Field Research Laboratory. Upon completion of these 
observations the eight test subjects and five research personnel will go to 
Fort Churchill, where the same experiments will be repeated under severe 
arctic winter weather conditions. This program will include the following 
studies: 


a ; iceen ne, of Gan, a pena Ss cat en the necessary performance 
for emergency aid and evacuation. By following skin and rectal temperatures 
thermoelectrically the cooling rate of the simlated casualties will be 
observed. Subjective symptoms in relation to camfort and cold exposure will 
be recorded. Various types of evacuation equipment will be compared, and 
the time for procedures and difficulties involved will be carefully noted. 
The effects of the weather on the medical men will also be observed, 


asin Sears last sn at cat he rehili will be Sentinied to avanaine 
the maximum anhidrosis which can be obtained with these agents and the effect 
of activity and environmental temperature on the degree of anhidrosis, The 
value of anhidrotic effects obtained will be determined by comparing, in the 
Same subject, the skin temperatures and comfort of treated and untreated 
feet. The anhidrotic effect, after treatment has been discontinued, will be 
followed at indicated intervals until the character of the curve of residual 
effect is apparent. Both the feet and the footwear of test subjects will be 
examined frequently for any deleterious effects produced by the anhidrotic 


agente employed. 


36 é state of water balan f tro dur ic winter field 
perati Water intake and urinary output will be followed in eight test 
subjects. Following the period of preconditioning to marching with packs, 
subjects will go into bivouae for two weeks on the Fort Knox Reservation. 

All measurements will be performed in the same manner at Fort Knox as contem- 
plated for Churchill, Upon their return to the barracks, special tests will 
be run to ascertain the reactions of the men to heat and cold. About the lst 
of January the men will proceed to Churchill, In February they will go into 
bivouac for two weeks, and repeat the routine carried through in the Fort Knox 
study. They will leave Fort Churchill about 15th April, and their reactions 


to heat and cold will again be tested at Fort Knox during May, | 


AD 


SPT dic 


e rates, blood and se A ai constituents, and povehelogical : 


exposure to oald under eon: conditions, men will = oo to diveree ES 
external sources of heat. At Fort Knox, they will be exposed in the cold — 
‘room and rewarmed in the laboratory. At Churchill they will be exposed t 
the outdoors, and rewarmed in the sunshine and by open fires. Body tem- 
- peratures, pulse rates, and subjective reactions will be measured. This 
—— will be integrated with the water balance study. : Te ae 
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Bab— 6h, 12=07 Studies of Fati in Relation to kK ivy Tasks. 
Rpproved 31 lay 1940. 


Beebpmeli hyn 208 - udies of Physiolocical and Psycholozs . Problems © 
fone iS in ale on to bov ae aAnvironmcn 


Approved 51 May 1946. 


wold, Study of Pr orice Pacts Approved 24 Sept. 194.2 in order 
o study the physic a of Saniente in cold environments. 


Sub-Project M.D.F.R.L. 02-1: Studies of Physiological Problems under Field 
Conditions in Extreme Cold - Dr. G, W. Molnar, Physiologist, J, R, Blair, 
a MC, C. W. Gottschalk, Capte, UC, L. B. Osgood, ist jteslio, 

, Ummrman, lst Lt, fic and #. &, layton, Ist it. i 


During the winter of 1947-48 a series of field experiments under 
arctic weather conditions will be carried out at Ft. Churchill, Manitoba, 
Canada. Preliminary studies and basal determinations on eight test sub 
jects were made on the Ft. Knox Reservation and in the cold roan of the 
laboratory. Upon completion of these observations the subjects and five 
research personnel went to Ft. Churchill (1 Jan.) where the same experinents 
will be repeated under severe arctic winter conditions, 


In addition to valuable basic data and experience gained during the 
preliminary studies it was learned that excretions of creatinine varied ten 
to twenty-five per cent from day to day thus precluding use as an index of 
the completeness of daily urinary collections. The prelininary test also 
indicated the need for supplementing the C2 ration to insure against weight 


loss. 


If the experimental program for Churchill can be executed as designed, 
a moderate dehydration in some of the men can be anticipated during the 
second week in bivouac. In order to assess the physiological effects of 
this dehydration other stresses, including exercise, cold weather and 
insufficient sleep, will be placed under control and measured. 


The program at Churchill will include the following studics: 
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cuation equinnsnt in arctic winter weather. ifter lying on the por 

mown carta of time, a man will be put through the necessary perform 
ance for emergency aid and evacuation. By following skin and rectal ten- 
peratures thermoelectrically the cooling rate of the simulated casualties 
will be observed. Subjective symptoms in relation to comfort and cold 
exposure will be recorded. Various types of evacuation equipment will be 
compared, and the time for procedures and the difficulties involved wili be 
carefully noted. The effects of the weather on the medical men will also 
be observed, 


2. ffectivene £ sweat ¢ by ieans of otic foot powde 
Studies begun last winter at Pt. Churchill will be continued to determine 
the maximum anhidrosis which can be obtained with these agents and the 
effect of activity and environmental temperature on the degree of anhidrosis. 
The value of anhidrotic effects obtained will be determined by comparing, 
in the same subject, the skin temperatures and comfort of treated and une 


treated feet. ‘The anhidrotic effect, after treatment has been dig~ 3 
continued, will be followed at indicated intervals until the character 
of the curve of residual effect is apparent. Both the feet and the foot~ 


wear of test subjects will be examined frequently for any deleterious 
| wei 
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subjects, All be performed in the same manner at 
Churchill as were done at Knox during the preliminary studies, The 
subjects will leave Ft, Churchill about 1 April, and their reactions to 
heat, and cold will again be tested at Ft. Knox during May, 


To be able to interpret the water-turnover data, and to be able 
to assess the influence of possible dehydration, the fallowing additional 
measurements will be performed: body temperature, basal metabolism, 
calorie intake, pulse rates and blood and urinary constituents, 


ret ei ce OS SOE 1OLLOw iT SAT OS UE COLL 
Churchill the subje will be exposed to the outdoors, and rewarmed in 
the sunshine and by open fires, Body temperatures, pulse rates, and 
subjective reactions will be measured. This project will be integrated 
with the water balance study. 


PROJECT Bebe6)-12-02 


Sub~Project K.D.F.R,L, 0262: Observations-—Frigid and Williwaw - Dr, 
G, Wf, — Physiologist, R. B. Magee, Capt., MC and 2. L. Durrun, 
Capt., HC, 


The final report is now in press. 


One of these observations was presented as a paper, entitled 
"Factors neing Undurance in Wet, Cold Environment", at the Symposium 


on Military Physiology held at the Army Medical Center, 4-6 Dec. 1947. 


PROJECT Bebe bl, 12-02 


Sub-Project U.D.F.R.L. 02-3 Effects of Hypothermia on Vitamin A and Pat 
Metabolism in the Rat = Dr. Kenneth P, McConnell, Biochemist and L. H. Tobin, 


Capt., KC, 


Two series of experiments have been carried out investigating the 
effects of hypothermia on the vitamin A stores in livers of white rats. Male 
and female rats were exposed to ambient temperatures of 0 43°F, All the 
animals were chilled to a body temperature of 70°F, Another series of animals 
wass exposed to ambient temperatures of 24 § 2°F. The terminal rectal tem 
peratures of these animals in most cases did not reach 70°F. In both series 
it required a longer time for male animals to reach the terminal rectal teme 
perature. the reduced ambient temperatures caused a definite change in liver 
Vitamin A. The normal vitamin A liver level in female rats was markedly 
higher than that for males. Despite the use of a standard diet there was a 
fairly wide variation in the vitamin 4 content of the normal liver. In 
order to stabilise liver vitamin A valucs the diet was supplemented with 
known amounts of vitamin A. 


Attention has been called to the vitamin A content of the adrenals and 
its possible function in adrenal activity under a specific stress (in this 
case hypothermia). Other constituents of the adrenal such as vitamin C and 
cholesterol show marked changes with certain types of strese. it appears 
that the drop in adrenal cholestero] due to hypothermia is dependent not so 
mach on the intensity of the stress applied ag it is on the duration of time 
over which the stress is applied. It was noted that there are definite and 
statistically significant changes in al] the cholesterol fractions of both 
sera and adrenals of animals subjected to long exposures. 


A series of experiments involving the use of varicus hormones has been 
formulated on the basis of results obtained in this laboratory as well as 


on the suggestions arising from consultations with C, FE, H. Long, . Sperry 
and others. 
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PROUUCT Beb—61,<12-02 


“Sub-Project UD.F.RL, O28: Study of the Effects of Subnormal Temper 


atures on the Metabolism of Various Phosphorous Compounds in Rats ~ 
Dr. H, F, Jerisen, Chief Biochemist and R, N. Cagan, Ist Lt., KC. 


This study is concerned with an analysis of the major tissues 
(muscle, liver and kidney) for their energy reservoirs and for the 
activity of such enzyme systems concerned with the energy supplying 
mechanisms. | 


Determination of adenosine triphosphate, which is regarded as the 
eners; source directly coupled to function, in various tissues obtained 
from animals exposed to cold should indicate which of the tissues is 
most affected, 


4n investigation of the activity of enzymes of the cytochrome system, 
which plays an important role in the activation and transfer of oxygen, 
will be carried out similtaneously. : 
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PROJECT BaG—6), 12-02 


 Sub-Project HDF. 02-6: Study of the Effects of liypothermia on the 
trol of Endocrine Secretion - Dr, H. F, Jensen, Chief Biochemist and 
G, lL. Steeples, lst It., KC. 


A\s.% ) A study will be made to determine the factors which control the 
secretion of various endocrine organs under stress (cold and shock). 


In order to ascertain further evidence for the importance of the 
blood sugar level on the control of endocrine secretion the following 
nts are contemplated: Effect of glucose administration on the 
function of the adrenal cortex and its cholesterol and ascorbic acid 
content and on the uptake of radioactive iodine by the thyroid. 


Physiolosica feets of, Approved 2, Sept. 1942 
ory of ae cts in hot environment. 


Sub-Project H.D.F.R.L. 03-1: Physiological Observations--Task Force Furnace = 
Dr. R. 9. Clarke, Physiologist and P. J, Talso, Capt., HC, 


er attar to repre the physi 


Final report now in press. 


Sub=Project M.D.F.R.L. O51: Photoplanator « A. . Carpenter, Chief 
Engineer. - 


Final report now in press. 


PROJECT Behm bh, 1 2605 


| Sub-Project U.D.F.RL. 05-2: X-ray Stereopanoramograph = A. 7, Carpenter 
Chief Engineer. ay 


Sub-Project U.D.F.R.L. 05-3: Cineroentgenography - A. 7. Carpenter 
Chief Engineer. : 


Various apparatus requisitioned to further these projects finally 
arrived in broken down or imperfect condition thus preventing use. Re- 
Placements have been ordered. 


Difficulty in obtaining necessary construction materials has delayed 
construction of laboratory facilities for A-ray work, 
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Sub-Project LDF RL. 55-5: Effects of the Cold Pressor Test on Glomerular 


F4ltration and Effective Renal Plasma Flow - P, J. Talso, Capt., uC, 
A, P, Crosley, Jr., Capt., UC and Dr. R, W. Clarke, Physiologist. 


Report submitted 27 October 1947. 


Sub-Project M.D.F.R.L, O6—1: Henal Circulation and Excretion as Affected 
Stress « Dr, R. W, Clarke, Physiologist, A. P. Crosley, dr., Capt., MC 


by 
and P, J, Talso, Capte, HC, 


Experiments on dogs are being carried out for the purpose of ascer~ 
taining the exact physiological mechanisms whose actions are responsible 
for the renal effects of peripheral cold. 


PROJECT BH6—61=12-06 - 


“Sub-Project M.D.F.R.L. 06-2: Development of a Polarographic Flow Meter = 
Dr. E. A. Blair, Chief Physiologist. 


Further investigation of the characteristics of the fldw meter has 
been deferred pendins delivery of apparatus. 


PROJECT BHO-6,-12-06 


Sub-Project H.D.F.R.L. 06—3: Relation of Dietary, Metebolic and Mechanical 
Factors to Atherosclerotic Lesions in the Rat - Dr. D. EH. Gregg, Chief 
Research Physician, H. Schachner, lst bt. » MC and W. E, Nerlich, lst Lt.,}C. 


x Methods for inducing hypertension adequate for this study continue to 
) be investigated. In the different groups of rate fed thiouracil and 
thiouracil and cholesterol, blood cholesterol levels continue at two or 
three times the normal control values. There is no essential difference 
between the levels in the two groups. 


PROJECT Babeb4<12~06 ; 


Sub=Project M.D.F.R.L. 06-7: A Possible Humoral Factor in Human Thermal. 
Regulation = Dr. HE, D, Palmes, Biochemist, H. Schachner, Ist Lt., HC, 


R, E,. Albert, lst Lt., MC and J. J, Hart, Opl. 


Preliminary runs using one subject as donor and another as recipient 
gave suggestive evidence of the existence of a humoral factor which tended 
to increase the heat content of the resting subject. In the following 
runs a single subject was used both as donor and recipient. “hile it was 
realized that this procedure was less likely to prove the existence of 
the humoral factor it was made necessary by the unavailability of subjects 
for the two man runs. Avoidance of side reactions associated with trans= 
fusions was in favor of the single subject experiments also. 


Three gatisfactory runs were carried out, with two subjects receiving 
100 ec. of whole blood, and one subject receiving 200 ec. lio changes in 
thermoreruiation were demonstrated, 


The results of the one man experiment show only that the humoral factor 
was not demonstrated by this technique. Ye believe, however, that the two 
man approach still holds promise, 


PROTECT Rha Gl 12-06 


 SwheProfect MDPRE. Ofe6: Thermal Pomlstion During Fever - , 2. Park, 
Cant., HC and Dr. ©. D. Palmes, Piochemist. | 


The final report is now in press. 


This project was presented as a paper at the Symposium ‘on Military 
Physiology held at the Army Medical Center, 4-6 Dec. 1947. 
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“9 eg sa M,D.F.Rebs Obed s The Acetic Pactor an Hypertension « re 
EB. Gregg, Chisf Research Research Physician and H, Sehachner, lst Lt., MC. 
Sub-Project U.D.F Rel. 06-51 Cheorratione on the Accuracy of the Hlectro- 
etic Flow Meter 


magn | ~ Dr, 0, BE. Grege , Chief Research Physician and H, 
Schachner, lst Lt., MG, 


ee ne ep eee ae 
acquisition of appropriate apparatus. 


PROJECT Bub~6h—12-06 


Be Pateck 1.DsP-Rele 06-6: The Effect of Certain Autonomic Drugs on 
Thermal Balance in Man - Dr, E. D. Pelmes, Biochemist, Hl. Schachner, 
ist The, KC, R, E. Albert, lst Fe iC att J, Jd. Hart, Cpl. 


It is aes known that the administration of certain autonomic 
drugs affects individual thermoregulatory mechaniams. Thus pilocarpine 
inereases sweat secretion, atropine decreases it, and epinephrine raises 
metabolic rate. The object of this investigation is to elucidate the 
compensatory changes in thermoregulation brought forth by the adminis- 
tration of these drugs. 


Several complete thermal balance studies have been made after sub= 
cutaneous injection of these s. The experiments have been carried 
out at two ambient temperatures (29 ond 37 degrees centigrade) in order 


to ascertain the effect of environmental temperature on the canpensatory 
mechanisus 
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PROJECT B-GxGlj-1.2-06 


Sub-Troject J1,D.?, Rl. Oo: Analysis of Cortical Components Involved 
in Reflex Pupillary Oliatation to Clarify the Etiology of Anisocoria 
Resulting frou Head Trauma - 4%. C. Wilson, Capt., NC. 


The stercotaxic apparatus developed nas proved very efficient in 
locating cortical and subcortical centers and fiber tracts which mediate 
reflex pupillary dilatation through the oculomotor nerve, ciliary ganglion 
and shert ciliary nerves. The anatomical identification of the involved 
structures was demonstrated by the Weil technique. 


The centrifugal fibers of the excitatory gyri proeus and genualis 
were sectioned and the desenerated fibers could be traced by the Weil 
method to the caudete nucleus. | 


A combined electro~coamilating and stimulating apparatus has been 
developed which will permit activating the excitatory areas and sub- 
sequent blocking of their centrifugal connections at progressively 
descending levels. The anatomical identification of these coagulated 
areas will roughly indicate the course of the fiber tracts in question. 


PROJECT Bubba 2-06 


SubeProject M.D.F.R.L. 06-10: Development of a Photoelectric Polarimeter 
with Variable Electrical Field - E, L. Durrum, Capt., HC. 


Further development work on this project awaits procurement and 
installation of Nicol prisms to replace polaroid dises and increasing of 
the sensitivity of the measuring bridge circuit. 
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Sub-Project M.D.F.R.L, 06-11: Biochemical Studies on Shock - EB, L, Durrun, 
Capt., HG and Dr, H. Jensen, Chief Biochemist. 


An inerease in amino acids and a decrease in albumin in the blood 
has been observeil in severe shock, Infusion of an albumin solution 
induces marked improvement in many instances, 


A study of the mechanism of protein synthesis in the normal and 
shoeked animal will include the following: 


Determination of the respiratory quotient of various tissues 
from animals in shock, 


Determination of the rate of deamination of liver tissue from 
shocked snimals, Study of speeding up this reaction by the addition 
of certain substances to act as catalysts. 


qo 


PROJECT Bebe6l,-12-06 


Sub-Project M.D.P.R.L, 06-123. _Spectrophotometric Studies of the Effect of 
Ultraviolet Radiation on the Skin = Dr. H. F. Kuppenhein, Chief soar 
cist and Dr. A. T. Krebs. 


The use of the spectrophotometric method of recording light reflected 
from the skin aims at providing objective and quantitative studies of the 
erythema and the subsequent tan. 


The first step will be the creation of a basis of reflectance curves 
of the normal skin of different colors, and from different body regions 
under standardiged conditions, 


En the next step erythemas under exact physical conditions (from 
natural and artificial light sources of known wave lengths ani energy) 
will be created, The wave length region of and above 360 my which is 
known to produce a heavy and long-lasting tan, if a sufficiently high 
energy is irradiated, wiil be the main subject of study. 


The erythemas and tans will be studied spectrophotometrically through= 
out their time course in canbination with local temperature, biochemical, 
and physiological measurements. 


Thus new and detailed knowledge of circulatory and pigment phenomena 
of the effect, of other factors, as cold and wind, of the ultraviolet 
adaptation, of protective factors, etc. can be expected, 


oe oe ie rte at areew one strain upon the iene and —_ 
physiological factors that may be altered. 


There were no sub-projects under Be6-64-12-07 this quarter. 
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Sub-Project M.D.F.R.L, 081: on of a Portable Apparatus for 
Study os Energy Metabolism - H. J. Spoor, Capt., MC and P. J, Talso, 
Capt., MC. 


Final report on this subeproject awaits the results of sub-project 
OS—2, 3 


DE ccteck MAD. R.L. O8—=23 evctedaies of Zlectronic Oxygen Analyzer 
ey ag tar to Portable Metabolic Apparatus = H. J. Spoor, Capt., HC 
and J, H. St. John, Capt., MC, 


An oxygen analyzer utilizing a “hot wire filament and combustion 
chamber has been incorporated within a small block of brass. Temper- 
ature and consequent resistant changes of the hot wire filament vary 
according to the percentage of oxyren in the test gas and these changes 
are recorded on a microammeter. By variation of the rate of flow of test 
gas, vaporigation of fuel and temperature of the metal block, the device 
may be made extremely sensitive to small changes in oxygen content. 
However, the three variables must be made constant before standardization 
and final adaptation to portable work can be accomplished, 


Following the perfection of the device, development of a single unit 
consisting of an infra-red type carbon dioxide analyzer and an electronic 
oxygen analyzer within a common metal block thermostatically controlled 
for use in all environments is anticipated. 
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